
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 




$B Eh 5 ?4b 



♦ tl 



I 



vy 



l^i 









I « 









• • 



-^». ^ 



• . viV-- 






K, 






TREATISE 



^-^'^ &u;e^ 



A RIT H M BTI c/ 

THEORY AND PRACTICE. 

WITB 

AN APPENDIX, 

CONTAINING AN INTRODUCTION TO MENSURATION. \ 



BY JAMES THOMSON, LL.D. 

i i 

PIIOF9880ROF MATBSHATICS IN 0LA800W COLLBOSf 

AUTHOpi Of BLBMBNTt OF PLANS AND tPHBRICAL TBICOXOMBT&Tt 

INTRODUCTION 10 MOUBRN CBOGRAPBT) BTa 



Adapted to tk* Prtteni Sfftttm 0/ WeigkiM^ AfdOMm, omf Curr^^. ^ 



BELFAST: 

fTsitaoTTrKD am> nuvTBo wr 
SIMMS AVD M'IMTYRE, DONEOALL STREET. 



1837, 




] 






^.. 



<r- 



7^ 



<?A 






o-x. 



ADVERTISEMENT TO THE SECOND EDITION. ,"^ ^4- 



I 



I& 



7 



The object of the following Treatise, it to present a full and regular course of 
vbateyer is nsefnl in Aritiimetic. With this view, rules are given for performing 
All the requisite operations) and are illostrated by many examples; and numerous 
exercises are prescribed, to afford the pupil that practice which alone can prodiu^e 
expertness and accuracy in the management of numbers. 

The Definitionsand Rules, which it may perhaps be proper for the learner to 
commit to' memory, are in the largest type employed in the work; the Examples 
and Bxeikses, and the principal illustrations, are in a character somewhat smaller; 
the less important illustrations and remarks are in a type still smaller, and may 
perhaps be omitted by the younger pupil ; and the notes contain miscellaneous 
informathm, which may often be interesting to tl|e reader. 

The reasons of the rules and operations are explained, not in strict, formal 
demonstrations, but generally by simple and easy illustoations of particulai^ cases 
and examples; and it is hoped, that Uie snlQeet will thus be rendered as intelligible 
and attractive as possible. This part of Arithmetic is too generally neglected, both 
in treatises on the subject, and in teaching; and thus one of the principal divisions 
of Mathematical Science is converted into a mere practical art; and what is cal- 
culated to call forth and improve the reasoning powers of the pupil, is degraded into 
a dry exercise of memory. 

Of the Examples and Exercises, smne are proposed in purely abstract terrn^. 
being intended merely to afford practice to the learner in the rules and modes of 
calculation. To these are subjoined, in those parts of the work in which it could 
be conveniently done, other questions, which will not only afford tbe pupil fiirtber 
exercise on the rules which precede them, but will also furnish him with many 
important facts in Commerce, Geography, Astronomy, Chronology, Chemistry, and 
other departments of knowledge. As tlie information contained in these questions 
has been all derived firom authentic sources, ks correctness may be depended oil; 
and it is hoped, that what is thus presented may excite in the young reader a desire 
to enrich his mind, by the acquisition of farther information of a similar nature. 

Some subjects are tmiitted, which in several works on Arithmetic are tieated at 
considerable length. Such is Barter,— an application of the Rule of Proportion, 
which is of scarcely any use as a part of Mercantile ArithOMtic. Neither has the 
method (rf calculating Annvitkn at SkmfiM Interest been introduced ; as it is unjust 
in principle, and, in real transactions, all calculations respecting annuities are made 
according to the principles of Compound Interest. Many applications of the rules to 
the circumstances of bodies in motion, and to other subjects in Natural Philosophy, 
which have been given in works on this science, have also been omitted, as they 
require a degree of knowledge to render them intelligible and utefU, which it to be 
acquired only by the study of a considerable course of inatiiematical and physical 
science. 

Instead of these^ however, other subjects have been introduced, which are little 
known, but which cannot fidi to be interesting to the more adyanced pupil. Of 
this kind are Continued Fractions, and tbe Theory of Aritfametieal Scales. The 
]^rincipal and most important parts of the work,' also, have been 'explained ai)d 
exemplified more lai^ly than the rest; and in these patts i greater nQtnber of 
exercises have been left un wrought, for the improvem^t. of the paplK^ T^us, tbe 
ainple and CoBposiid Rnlee, Proportion, Practice, Interest,, and Exohaage, h«ve 
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been treated &t considerable length ; and much care has been taken to render them 
as simple and easy as possible. Specimens of the most common and nsefbl kinds 
of meixshants* accounts^ such as Invoices, Sal^s, Accounts Current, &c according 
to modem and approved forms, are likewise given, and will be found to form useful 
exercises for pupils who may be intended for the counting-house. 

In preparing the present edition for tiie press, considerable changes have been 
made in the manner of expressing and illustrating the rules, and in various other 
respects. These have partly resulted from the Author^s own experience, and have 
partly been suggested by several teachers of the first respectability in this country, 
who have kindly favoured him with hints for the improvement of the work. Some 
additional tables have likewise been introduced, and a tract given on Mensuration, 
which cannot fail to be useful to the majority of learners. At the desire also of 
many teachers, the answers are, in this edition, annexed to all the questions, except 
a few of the simplest, which are of such a kind, that the idle pupil might copy the 
answers^ witiiout woriung tlw exercises: tiie answen to these are given at the ead 
ci the book.' With respect to the entire work, no exertion has been spared to attain 
neatness of appearance ; and, above all, to secure that accuracy which is so desira* . 
ble both to the teacher and the pupil, in every woiic which contains calculations. 

As so much eare and labour have been employed in improving this edition, it 
has been sterkottfxo ; that is, plates have been cast for the entire work, whieh 
will in future be employed, instead of moveable types, in printing it This mode of 
printing prevents the possibility of errors creeping into future impressions; and as 
any mistakes which may escape observation in a first impression, can be corrected 
in the plates, it affords the means of ultimately rendering tha typography of a book 
completely perfect. 

College, Beifaat, Jan. 1, 1885. 
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TREATISE ON ARITHMETIC, 

IM 

THEORY AND PRACTICK 



NOTATION AND NUMERATION. 

Jl^RITHMETIC is a science which explains the proper* 
ties, and shows the uses of numbers. 

Unity y or a unit^ is the number one. Every other num- 
ber is an assemblage of Ainits.* 

For facilitating the management of numbers in ArithmetiCf 
they are generally expressed by signs or characters. 

The method oi expressing numbers by cbaracters, is 
termed Notation* 

The method of discovering the values of numbers already 
expressed by characters, is called NumeraHon, 

In modern arithmetic, all numbers are expressed by 
means often chaiiacters : the cipher, or zero, 0, which has 
no T2^ue; and ^e nine significant figures, or digits, 1, 2, 
3, 4, 5, 6» 7, 8, 9, which denote respectively the numbers 
one, two, three, four, five, six, sevai, eight, lune. 

When any of these figures stands by itself, or when it is 
followed by no other figure, it expresses merely its simple 
value ; but when it is followed by one figure, it signines 
ten times its simple value; when by two, one hundred 
times; when by three, one thousand times; and so on, by 
a tenfold increase for each figure that follows it. — The in- 
creased value thus denoted by a figure in consequence of 
its position, is called its local value. 

« This deflnitioi^ though it might appear otherwise^ is appfiodil* to ftaotloBS aa vnSL as 
to wb<^ntiBiben. Tbua, the fiiactioii ^ia an a«ifinM«ge of leven units, each of which 
is one-tenth of the integer. The use of the term unity to denote the number one^ ap. 
peaiEB to be improper ; tfit be, however, it has the sanction of long cui^tfHu. So'm^ Uie 
writers, probably to avoid this mm of the word, /employ in the same seu^s the icmi umt^ 
bNl without the indefiaite article,; , port^aps because it is not used lieforc txix^, t^tree, tcn^ 
Ac But. besides the MocUon of custom, may not the article be used bcfcire it wiLti the 
same proprie^ as before the words hundred, tAoHsandt million^ Ac? Ik mohj e^i be si 
awlcwaid, and as incorrect, to talk of increasing a number by uiui, as if Inonuin^ it b^ 
kt¥^fd Qi tAomaftd, B "^ 
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2 NOTATION AND NUMERATION. 

Thus the figure 5, when it stands by itself, or is followed by no other 
figure, denotes sknply five; but when placed to the left of one figure^ 
it expresses ten times fiv«, or fifty ; when to the left of two figures, U 
expresses ten times fifty, or five hundred ; when to the left of three, ten 
times fire hundred, or five thousand, &c. ; as in the number 5555. In 
tike manner, in the numl>er 7854, the 4 signifies simply four units, or 
four ; the 5, five tens, or fifty ; tlie 8, eight hundred ; and the 7, seven 
thousand.— The names of the local values of figures will be known 
from the following table :-— 

NUMERATION TABLE. 
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ffiHd wHd tcj^ci ^^c* a^ii^a ws^d 
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From this table it appears, that if a line of figures be divided into 
periods of three figures each, 'commencing at the right hand, the first 
period will contain units, the second thousands, the third millions, &c. ; 
and it is usual and convenient thus to divide the figures by which large 
numbers are expressed, for the purpose of facilitating their numeratioa 
The periods succeeding those contained in the table, are qumlUlhnh 
textiUions, septifUons, octillions^ and nonUUons ; and analogical names might 
be formed for the still higher periods. Those already given, however, 
are more than sufiScieht to express any number which it is ever necessary 
to designate in language. The local value of any figure used in expres- 
sing a number, is at once discovered from this table. Thus, 6 in the 
eighth place from the right hand, expresses six tens of millions, or sixty 
millions; and, conversely, sixty millions will be expressed by the figure 
6 in the eighth place.* 



« This method trf" dividing lines of figures into periods, and of naming thoie periods, 
is that which is used by the French and Itatians. It is strongly reoommemled by its 
timplicity and elegance ; and has l>een adopted in the treatise on Arithmetic by Mr. 
Anderson, in the EdinlHirgh Encyclopedia ; and in Professor Leslie's ** Philoioi^y of 
Arithmetic" In other English works, the periods are made to consist of six figures 
each, and have the same names as those in the table given above, except thousands, for 
which there is not a distinct period. The two methods agree as far as hundred^ of mil. 
lions, and it is rarely necessary to name larger numbers. For the use of those who pee. 






NOTATION AND NUMERATION. • t 

The cipher, or zero, haying no value, it used in conAbinations of figures, 
to fill places where no value is to be eipressed, and thus to make the 
other figures occupy those places in which thej will express the intended 
values. Thus the figures 365* combined in this order, denote three 
hundred and stxty-five ; but the expression 306050, which contains the 
same significant figures, means three hundred thousand, no tens oi 
thousands^ six thousand, no hundreds, five tens, and no units ; or three 
hundred and six thouitond, and fifty.— From these principles we have 
the following rule :-^ 

To express in Words the Numbers denoted by Lines ofFigureu 

RuLB (1.) Commencing at the right hand side, divide the 
given figures into periods of three figures each, tUl not more 
than three remain. (2.) Then the first period towards tlie 
right hand contains units or ones ; the second, thousands; 
the third milh'ons, &c. as in the Numeration Table : and 
therefore commencing at the left side, annex to Uie value 
expressed by Uie figures of each period, except tliat of the 
uuits, the name of the period. 

Thus, the expression 37053907, becomes by division into periods, 
87,053,907, and is read tJdrly seven nuBums, J^ three thousand^ nine 



fer the fiagUsh method, the following table la subjoinad ; and the answers of the Exer. 
dses are given aoocndtaiglebath meCbodsatthe end of.the work. Itisscarcely oeoessary 
tossy, that the rales and diieelioaagivM In the text wUl be applicable in this method* 
if tbe periods he made to eonsist of six figures each taistead of three, and if the aecond 
period he called millions, the third billions, && as in tlM fhUowing table :— 

COMMON NUMERATION TABLE 
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4 NOTATION AND NUMBRATIOK. 

hundred and teverif the term units or ^net at the last beuig cnnkted. By 
practice the pupil will soon find it unnecessary to diTvle into perioda 
any lines of figures esoept those of considerable magnitude. 

Exercises in Numeration. 

Write down in words, or name, the numbers signified by the 
following expressions : — 



Ex. 1. 24 Kx. 4. 1000 


Ex. 7. 9790 Ex. 10. 4055070 


2. 144 5. 1728 


8.37048 11.300405 


S. 365 6. 2240 


9. 30009 12. 79503046 


Ex. 13. 8005600480 


Ex.22. 40657200 


14. 557290000 


23. 100000001000 


15.680000042 


24. 60606060700707 


16. 93090093 


25..102030405060708 


17. 113355 


26. 901001101201301 


18. 785398 


27. 200030040538 


19. 7030462 


28. 73820760005192645 


20. 24902490 


29. 10001000010000100 


21. 9003008005 


30. 40050060700809000 


Ex. 31. 7946289006400300047264791 



To express Numbers by Figures. 

Rule (1.) Make a sufficient number of ciphers or dots, and divide 
them into periods; (2.) iThen, commencmg at the left, place in 
thdr proper positions beneath the dots or ciphers, the significant 
figures necessary for expressing the proposed number. (3.) If any 
pmces remain unoccupied, let them be filled with ciphers. 

Thus, the method of expressing the number, two hundred and 
fire millons, twenty thousand, seven hundred and nine, will be 
found in the following manner : 

000,000,000 ...,...,..., 
8 5 2 7 9, or 2 5 2 7 9, and thence by filline 
the unoccupied places, 205,020,709. By practice the learner wiu 
80on be able, in most cases, to dispense vtdth the dots or ciphers. 

Exercises in Natation. 

Express the fdlowing numbers in figures: 

Ex. 1. Fifty-two. 

2. Three hundred and thirteen. 
8. Five hundred and four. 

4. One thousand and twenty-four. 

5. Two thousand and forty-eight. 

6. One thousand, eight hundred and fifteen. 

7. Seven thousand, eight hundred, and fifty-four. 

8. Three thousand and eight. 



NOTATION A2SCD NUMXRATION. 6 

Ex. 9. Five thousand and serenty. 

10. Four thousand, five hundred, and four.' 

11. Twenty thousand and eighty-four. 

12. Six hundred and fifty thousand, and ninety. 

13. Seven millions, seven thousand, and ten. 

14. Sixty*four millions, three hundred. 

15. Eleven millio^is, two thousand. 

le. One hundred and ten millions, and twenty thousand. 

17. One billion, ten millions, two hundred thousand. 

la One trillion, one hundred biilions, two hundred millions 

19. One million, and fifty thousand. 

20. One billion, two hundred thousand. 

21. One trillion, seven hundred thousand. 

22. One quadrillion, and nineteen millions. 

23. Seventy billions, ten thousand, and eighty-eight. 

24* Nine hundred billions, sixty-eight mulions, and twenty. 

86b The following numbers express tlie distances of the prin- 
cipal primary planets firom the sun, in miles; — express 
them in figures : — Mercury, thirty-seven millions; Venus, 
sixty-nine mMlions; the Earth, mnety-five millions; Mars, 
one hundred and forty-five millions; Jupiter, four nun- 
dred and ninety-four millions; Saturn, nine hundred and 
seven millions; and the Georgium Sidus, or Herschel, 
one thousand eight hundred and ten millions.* 

Such is the facility with which large numbers ar^ expreissed, both by 
figures and in language, that we have generally a very limited and in- 
adequate conception of their r«al magnitudes. The following consider- 
ations may, perhaps, assist in enlarging the ideas of the pupil, on this 
subject:»rTo couni a million, at one per second, would' require between 
^ren^-tfaree and twenty-four days of twelve hours each. The seconds 
in six tliousand years, are less than one-fifth of a trillion.f A quA* 
drillion| of leaves of paper, each the two-hundrcdth part (^ an inch in 
thickness, would form a pile, the height of which would be three hundred 
and thirty times the moon's distance from the earth. Let it also be re- 
membered, that a million is equal to a thousand repeated a tlM>usaad 
times ; tmd a billion^ equal to a million repeated a thousand times. 



In the ancient Roman notation, I signified one, V five, X ten, L fifty, 
and C one hundred. To these characters were added# at .a later period, 
D, signifying five hundred, and M, one thousand. When any charac- 



• In tevsral of the subicqaent rules, examines are introduced which are calculated 
to exercise the pupU in notation. To familiarize him with nu»erati<m, the teacher 
should frequently require him to read oif in words, the annvertW the exercisei whidf 
he performs. 

f A t^llion, in the common notatioa . ' 

i A thousand Ullions, in the common notation. 

^ In the other aotatioa a bUHon is equal to a miUion repeated a mtUion o^timriB. 



tf SIMPLR ADDITION, 

ter was followed by another of equal, or of less value, the compound 
▼akie was equal to the simple Tolues of both taken together / but when a 
character preceded one of greater value, both together expressed a value 
equal to the difference of their simple values. Thus, II expressed two ; 
Xi, eleven, and IX,. nioe ; CX, one hundred and ten, and XQ ninety. 
We find also I^ piit for 500 ; and by every such 3 annexed, tiie value 
i» made ten times as great. Thus, 133 signifies 5000 ; looo, 50,000, 
&e» CIo was also used to express 1000, and the prefixing of C and the 
annexing of 0> increased its value ten times. Tims, CCI33 signified 
10,000; CCCIpOp, 100,000, &c. A line drawn over the top of a 
letter, made it signify as many thousands as the letter itself expressed 
anita. Thus, V expressed 5000; C" 100,000, &c The following 
table, together with the preceding observations, wi/1 give an adequate 
idaa of the Roman noUtion i 

I • . . 

n . . . 
in. 

IV, or nil 
V . . 
VI. . . 

VII . . 

VIII . . 
MDCCCXXIV, or CIqIqCCCXXIV, 1824. 



1 


IX . . 


. . 9 


2 


X . . , 


. 10 


3 


XX . . . 


. 20 


4 


XXX . , 


. 30 


5 


XL V . . 


. 40 


6 


L ^. . , 


. 50 


7 


LX . . 


. 60 


8 


LXX . 


. . 70 



LXXX . 


80 


XC . . , 


90 


C . . . . 


100 


D, or lo , 
M, or CIo( . 


500 


1000 


mm; or IT. 


2000 


lDO,orV. 


5000 



SIMPLE ADDITION. 

• The object of Addition is to find the number which 19 
equivalent to two or more given numbers taken together. 

The number which is equivalent to two or more numbers 
taken together, is called their sum. 

When the given numbers are all of the same denomina- 
tion, as all yards, or all gallons, tlie operation is termed 

SIMPLE ADDITION. 

When the numbers to be added express quantities of the 
same kind, but of different denominations, the operation is 
termed compouitd addition. 

To add QuantUies of the same Denomination. 

Rule (1.) Place the numbers so that units may stand 
under units, tens under tens, &c. (2.) Find the sum of the 
column of units, set down the last figure of it below that 
column, and carry to the next the number expressed 
by the remaining figure, or figures, if there be any. (3.) 
Proceed as before withlhe remaining columns, and at the 
last column set down the entire sum. 



SIMPLE ADDITION. T 

Thus, to add together 9468, 2956, and 79, let 9468 
them be set as in the margin, and proceed thus i — 2956 
9 and 6 are 15, and 8 are 23; set down 3, and car- 79 

ry 2 to the column of tens. Then 2 and 7 are 9, — - 
and 5 are 14, and 6 are 20; set down a cipher, and 12503, sum 
carry 2. 2 and 9 are 11, and 4 are 15; set down 5, 
and carry 1. 1 and 2 are 3, and 9 are 12; set down 12, and the 
sum, or answer required, is twelve thousand, five hundred, and three.^ 
The sign -}-, commonly called plus, is employed in arithmetic 
and other parts of mathematics, to signify that the quantities be-, 
tween which it is placed, are to be added together; and the sign 
=, called the sign of equality, is used to denote, that the quanti- 
ties between which it stands, are equal to one another. Thus, 
the expression, 12-f-9=21, means, that 12 and 9 added together, 
are equal to 21 ; or that the sum of 12 and 9 is 21. 

Reason of the Rule* 

The rule for performing addition depends on the nature of no- 
tation, and on the obvious principle, that the whole is equal to the 
sum of all Us parts. By placing units under units, tens under tens, 
&c. we are enabled the more easily to add together the figures of 
the same local value; and one is carried for every ten, because, by 
the nature of notation, ten in any column is eqmvalent only to one 
in the column immediately to the left of it. We commence with 
the units merely for the convenience of carrying to the next co* 
lumns. Thus, in the preceding example, the sum of the column 
of imits is 23; and therefore, after setting down 3, we have 20 
remaining. But, b^ the nature of notation, 2 in the next column 
is equal to 20 in this; and therefore we carry only 2. 

Some teachers may, perhapft, consider it pioper to make pupils com- 
mit the following table to memory :— 

ADDITION TABLE. 



2 and 
2=4 
3= 5 
4= 6 
5= 7 
6= 8 
7= 9 
8=10 



2 and 
9 =11 



3 and 
3=6 
4=7 
5 = 8 
6=9 



3 and 

7 = 10 

8 = 11 

9 = 12 



4 and 
4=8 
5=9 



4 and 
6= 10 
7=11 
8= 12 
9= 13 



5 and 
5=10 



5 and 

6 = 11 

7 = 12 

8 = 13 

9 = 14 



6 and 
= 12 



6 and 

7 = 13 

8 = 14 

9 = 15 



7 and 

7 = 14 

8 = 15 



7 and 
9 = 16 



8 and 

8 = 16 

9 = 17 



9 and 
9 = 18 



To enable the learner to acquire accuracy and despatch in addition, It 
is proper to train him to add in the following manner, till he cau do it 
with facility :.— Since 6 and 6 are 12, 26 and 6 ate S2 : (here it sliould 
be pointed out to him, that 12 and 32 end in the same figure :) since 9 
and 7 are 16, 39 and 7 are 46 : since 8 and 6 are 14, 88 and 6 arc 94 1 
since 6 and 9 are 15, 16 and 9 are 25, &c 



8 SIMPLE ADDITION. 

Methods of Proof. 

J. Add the several columns, according to the rule, commenc- 
ing at the top and proceeding downward, and if the result be the 
same as was obtained by addmg them upward, it may be presumed 
that the work is right. 

2. Separate the given munbers into two or more divisions.— 
Find thf sums of these divisions, severally, and add these partial 
sums together. If the last result be equal to that found by the 
common method, the work is right. 

This will appear obvious from the following example : 

37928 

98640 

23574 

75849 

Entu^ sum, 230991 

Sum of the 1st division, 131568 

2d, 99423 

Entire sum,...« 230991, croof. 

This method may also be employed with advantage in finding 
the sums of large cohunns, instead of adding the whole at a single 
operation. The first method is very convenient and useful, 
Urhen the columns are not very large. 

3. Commencing at the left hand, add the several columns with- 
out carryings and set down the full siun of each coliunn with the 
units in their proper place, and the tens below the figure immedi- 
ately to the \(ift. Add together the two lines thus resulting, and 
if the last result agree witn that obtained b^ the common method, 
it may be concluded, that both are right. 

Thus, in the annexed example, the sum of the 5946 
left hand column is 25, which is set down in full : 9738 
the sum in the next column is 30; the cipher is set 2697 
in its proper place^ and 3 under the 5; and so with 9868 

the rest. The sum of the two lines thus obtained, is — 

equal to the sum found by the ordinary method.*-^ 28249, sum. 

Tnis method of addition might be used instead of 

the common method; and as it requires nothing to 25029 
be carried, it might be employed with advantage 822 

when the calculator is liable to interruptions. 

28249^ proof 

• Addition may also be prored by otuHng the nines outof each of the given numberH 
as wUl be explained in mulUpUcaticn ; and thai by oa«tinf the nines out of the sum at 
the aaceesses, and <Hit of the sum of the numbers. If these latter excesses be equal, the 
werk is generally right ; otherwise^ it mtui be wroi^ This method however, is of Ut. 
Me use in proving addition. 



SIMPLE ADDITION. 



Exercises in Simple Addition, 



1 

3789 
4236 
7483 
6047 



2 


3 


4 


92864 


466759 


17896 


79784 


537192 


570937 


4759 


468013 


784947 


28936 


' 16975 


9678 



5 

258111 
417445^ 
6880921 
9911604 



e. 94753+2847+793688+9386+258+3456. - 

7. 8289364+275224+6875144+ 12897+7650366+94986347 

+42682+3749286+7676. 

8. 294796+489276+ 16759284+4938+5713245+3348675+ 

798426+9482+39867. 
.9. 27515436+8937549+37246375+48795+378+2863487 + 

864937 + 3894 + 7863927 + 826957. 
iO. 986759+4976346+29483+898647+3984753+6489778+ 

57893+2468144+576989+498653. 

11. 4683795+248675931+94986473 + 2849758 + 53388336 + 

7788995+2137485+ 6758927 + 4926431 + 27729512 + 
7842634+949867+34iK16+78934. 

12. Add together 9466495^*^73735, 754547, 3789284, 298^6799 

992984,293675,2684487,3592873,8847599, 738873, 7849376 

334486,123845,672849,73554,8674. 
la Required the sum of 978+749+4764+8967+79889294+ 

7759286 + 939723 + 864937 + 99375847 + 294686 + 94623 

+924086+794867+935279423+9738413208+2468975 

+ 945237+3834975. 
14. 28674+39257+3834+92751+92503+86759 + 394875+ 

34938+375396+759394+267934+6846+94657835+ 

1926+48467319+2488+9357. 

15. Add together seven thousand and ninety-four; two thou- 
sand, one hundred, and nine; eight thousand, nine hundred,^ and 
sixty; eighty-seven thousand and sixty-two; three hundred and 
seventy-«ve; nine thousand and thirty; thirty thousand and forty- 
six; fifty-four thousand, seven hundred, and seventy-five; seven 
thousand, eight hundred, and fifty-four. 

16. Sir Isaac Newton was born in the year 1642, and died in 
his eighty-fifth year. In what year did he die ? 

17. William the Conqueror b^an his reign in England in the 
year 1066, and reigned 21 years; William II. reigned 13 years; 
Henry 1. 15 years; Stephen, 39 years; Henry II. 35 years; Richard 
1. 10 years; John, 17 years; Henry III. 56 years; Edward I. 35 
years; Edward IL 20 years; Edward III. 50 years; Ridiard IL 
23 years: in what year was this last prince dethroned? 

18. In 1821, the population of the following towns in England, 
Scotland, Ireland* and France, (the three largest in^ach) were as 
ipllowsj — 



» ' SIMPLE ADDITION. 

London,..., 1,274,800 I Glasgow, 147,043 

Manchester, 133,788 Edinburgh, 138,235 

Liverpool, 118,972 | Paisley, 47,003 

Paris, 720,000 



Dublin, 186,276 

Cork......... 100,535 

Limerick, 66,042 



Lyons,.... 115,000 

Marseilles,... 102,000 



Required the number of inhabitants contmned in the three largest 
towns, in each countiy. 

19. In the year 1810, the weight, in pounds of the cotton 
wool imported into England from the rest of Europe, was 
16,725,708; from the United States, 55,194,616; from the British 
West Indies and conquered Colonies, 17,889,184; from foreign 
American Colonies, 22,137,397; from the East Indies, 23,144,907; 
from other soiu*ces, 1,478,291. Required the entire quantity. 

20. The Pyramids of Egypt are thought to have been built 
337 years before the founding of Carthage, Carthage to have 
been founded 49 years before the destruction <>f Troy, and Troy 
to have been destroyed 431 years before Rome was founded; 
Carthage was destroyed 607 yeai^ after the founding of Rome, 
and 146 years before the commencement of the Christian era; the 
Western empire of Rome ended in the year 476 of the Christian 
era, and ^90 years before the Norman conquest ; Constantinople 
was taken by the- Turks 387 years after the Norman conquest, and 
348 years before the union of Great Britain and Ireland in 1801. 
How many yem's elapsed. between the first and last of these events? 

21. Captain Cook, in his first voyage round the world, sailed 
from Portsmouth to the Madeiras, a distance of 1451 British 
miles; thence to the Canaries, 339 miles; from these to the Cape 
Verd islands, 985 miles ; and thence to Rio Janeiro, 3058 miles; from 
that to Cape Horn, 2059 miles, and thence to Otaheite, 4919 
•miles; from Otaheite to the most southern point of the voyage, 

1619 miles; and thence to Cook's strait in New Zealand, 1988 
miles; from Cook's strait to Green Cape in New Holland, 1368 
miles; and thence along the eastern coast of New Holland to the 
most northern point of that island, 2176 miles; thence to the 
straits of Sunda, 2487 miles; and thence to the cape of Good 
Hope, 5818 miles^ from that cape to St. Helena, 1884 miles; 
and thence to Ascension island, 822 miles; from Ascension to 
Corvo in the Azores, 3462 miles; and thence to Portsmouth, 
1598 miles. How far did he sail in all, exclusive of numerous 
deviations from these courses ? 

22. The following is the number of barrels of porter brewed in 
London by the twelve principal houses, between 5th July, 1814, 
and 5th Julv, 1815: what is the entire quantity? 337,621; 182,104; 
172,162; 16M18; 123,100^ 119,333; 105,081; 72,080; 56,922; 
51,294: 38,107; 32,256. 

23. Required the entire population of England, from the fol- 



SIMPLE ADDITION. 11 

lowing statement of the population of its several counties, accord- 
ing to the Census of 1821 :^— 



Bedford, 

t5erKs,* ••••••• • 

Bucks, 

Cambndge,... 
Cheshire...... 

Cornwall...... 

Cumberland,. 
Derby,....,... 

Devon, 

Dorset......... 

Durham^ 



,068 Kent,.., 



Gloucester,.. 
Hereford,.... 



83,716 
131,97'i 
134,( 
121,909 
270,098 
257,447 
156,124 
213,333 
439,040 
144,499 
207,673 
289,424 
335,843 
103,243 



Hertford...... 129,714 

Huntingdon, 48,771 
. 426,016 
Lancashire, 1,052,859 
Leicester,.... 174,571 

Lincoln, 283,058 

Middlesex, 1,144,531 
Monmouth,.. 71,833 

Norfolk, 344,368 

Northampton, 162,483 
Northumberland, 198,905 
Nottingham,. 186,873 

Oxford, 136,971 

Rutland^..... 18,487 



Shrdpshire,.. 



Southampton, 

Stafford, 

Suffolk, 

Surrey, 

Sussex, 

Warwick, .... 

Westmoreland, 

Wilts, 

Worcester,.., 

York, E. Biding, 
N. Riding^ 
W.Ridmg, 



206,153 
S55j314 
283,298 
341,040 
270,542 
398,658 
233,019 
274,392 
51,959 
222,157 
184,424 
190,449 
183,381 
799,357 



24. The following are the Irish acres, and the inhabitants of the 
several counties of Ireland.* Required the number of acres, and 
the population of each province, and of the whole kingdom; Lough 
Neagh, in Ulster, containing 58,200 acres: 



# The acres a:« given from Beaufort, and the population from th« Cmtos of 1881. 
Ai thHt Ceii4us WAS, in fome in!«taiu:e«, in a Blight degree defective, k i«4h^ight» iHit the 
1>*>fiila' i<«R exceeded sei^en ininiorm. The acres given ahi>ve are Irish* ViX «f wiiu:i» ««« 
^qucrakiii to 19.i ul .(lie tvukdMi aorei ui*w iu use. 



PROVINCE OP ULSTER. 1 


PROVINCl 


B OP LETNSTER. 




Acres. 


Population. 




' Acres. 


PttpuUtiOB. 


Antrim,. •«... 


387,200 


269,856 


Carlow,..^.,. 


137,050 


81,287 ^ 


Armagh,...., 


181,450 


196,577 


Dublin, 


142,050 


346,550 


Cavan, 


. 301,000 


194,330 


Kildare, 


236,750 


101,715 


Donegall,.... 


679,550 


249,483 


Kilkenny,... 


300,350 


180,3^6 


Down, 


348,p50 


329,348 


King's CO. .. 


. 282,200 


132,319 


Fermanagh, 


. 283,450 


130,399 


Longford,... 


134,150 


107,702 


L. Derry,.,. 


. 318,500 


194,099 


Louth, 


. 110,750 


119,188 


Monaghan, . 


. 179,600 


178,183 


Meath, 


. 327,900 


174,716 


Tyrone...... 


. 463.700 


259,691 


Queen's co. 


. 235,300 


129,3^1 








Westmeath, 


. 231,550 


128,042 








Wexford,... 


342,900 


169,304 








Wicklow,... 


. 311,600 


115,162 




PROVINCE OF COjJNAUttHT. 




Acres. 






Acres. 


Populatina. 


Clare, 


476,200 


209,595 


Galway^ 


989,950 


314,748 


Cork, ^. 


1,048,800 


802,535 


Leitrim....... 


255,950 


105,97« 


Kerry, 


647,650 


205,037 


Mayo, 


790,600 ' 


^897,538 


Limerick,... 


. 386,750 


280,328 


Roscommon, 346,650 


207,777 


llpperary,.. 


. 554,950 


353,402 


Sligo, 


247,150 


127,879 


Waterford,... 262,800 


154,466 






i 



25, The number of inhabitants contained in the several coun- 
ties of Scotland, in 1821, was as follows. Required the popula- 
tion of the whole kingdom ^— 



Aberdeen,... 
Argyle,....., 


15^387] 
97,316 


Elgin, 

Fife,. 


31,162 OrkneyAaheUand. 53,124 
1 14,556 Peebles, 10,046 


Ayr, 

Banff, 


127^9 
43^1 


Forfar, 

Haddington, 


1 13,430 Pftrth. 139.050 


35,127 


Renfrew, 112,175 


Ben/v-ick, 


33,385 


Inverness,... 


90,157 


Ross and i ftQQ9« 
Cromarty, ^^^^^ 


Bute, 


13,797 


Kincardine,.. 


29,118 


Caithness,... 


30,238 


Kinross....... 


7,762 


Roxburgh, 40,892 


Clackmannan, 13,263 


Kirkcudbriglit, 38,903 


Selkirk, 6,637 


Dumbarton,. 


27,317 


Lanark....... 


244,.387 


Stirling, 65,376 

Sutherland,... 23,840 


Dumfries,... 


70.878 


Linlithgow,.. 


22,685 


Edinburgh,.. 


191,514 


Nairn, 


9,006 


Wigton, 33,240 



SIMPLE SUBTRACTION. 

The object of subtraction is to find the difference be- 
tween two numbers. 

The number found in Subtraction is called the remain- 
der, the DIFFERENCE, or the excess.* 
^ When the given numbers are of the same denomiriatioriy 
tlie process is termed simple subtraction. 

When the giv«n numbers express quantities of the same 
kindy but of different denominations ^ the process is termed 

COMPOUND SUBTRACTION. 

Rule Jbr Simple Subtraction. 

(1.) Place the less number below the greater, with units 
under units, tens under tens, &c. as in Addition. (2.) Be- 
ginning with the units, take, if possible, each figure in 
the lower line, from the figure above it, and set down the 
remainder. (3.) But if any figure in th« lower line be 
greater than tlie figure above it, add ten tQ the upper ; then 
subtract as before, and carry one to the next figure in the 
lower line. 

The sign — , generally called rmnus, when set between two num- 
bers, denotes, that the latter is to be taken from the former 
Thus, 16 — 9=7 denotes, that if 9 be taken from 16 the remainder 
is 7. 



* The number to be fubtraeted ii loinekimes called the stMrakend,' $ad that tHum 
whkh it Ui to be taken, the mkuiend. 



SIMPLE SUBTRACTION. \s 

Methods of Froqf. 

1. Add the remainder and the less of the given numbers toge- 
gether: if the sum be equal to the greater, the work is correct. 

2. Subtract the number found from the greater of the ^ven num* 
bers ; if the remainder be equal to the less, the work is correct. 

Examples in Simple &ibtraction. 

Ex, 1. From 7854 take 4513. 7854 

. Set the numbers as in the mar^, and pro- 4513 

ceed thus: — 3 from 4, and 1 remains; I irom 

5, and 4 remain; 5 from 8, and 3 remain; 4 Bemainder, 3841 

from 7» and 3 remain: the remainder therefore 

is 3341. Proof, 7854 

To prove the work, to the less of the given - 7854 

numbers add the remainder, and the sum will 4513 

be 7854, the greater; or, as in the second me- — 

thod, subtract the remainder from the greater Remainder, 3341 

number, and the result will be 4513, the less. 

Proof, 4513 

Ex. 2. Required the difference of 3712 and 1831. 
In this example proceed thus: — 1 from 2, From 8712 

and 1 remains; 3 from 11, and 8 remain; car- take 1831 

ry 1 to 8, and then 9 from 17, and 8 remain; -^- 

carry I, and then 2 from 3, and 1 remains. — Remainder, 1881 
The difference, therefore, is 1881, and the 
operation would be proved in the same manner as before. 

Reason of the Rule* 

The rule for Subtraction depends on the principle, that the dif- 
ferences of the several parts of two numbers are, when taken to-. 
gether, equal to the difference of the numbers themselves. The 
reason of placing units under units, tens under tens, &c. is, that 
figures mky be subtracted from others of the same local value with' 
more facility. By carrying one to the lower figure, we increase 
the lower line as much as we increased the upper, and thus the 
difference will be the same as if neither had been increased. Thus, 
in the second of the above examples, when in the tens' place we 
subtract 3 from 11, we thus add 10 to the 1 in the upper line; 
then the lower line is increased by the same quantity by adding 1 
to the 8; because, by the nature of notation, 1 in the third columi* 
is equivijlint to 10 in the second. Thus, therefore, both the given 
numbers are equally increased, and consequently the <iifl^erence 
must be the same as if they had received no increase. 
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SIMPLE SUBTRACTION. 



As a farther illustj-atlon of Subtraction, let it be 
required to find the difference of 83 and 57. Here, as 83 
7 cannot be taken from 3, we may consider 83 as equal 57 
to 70 and 13; and subtracting 7* from 13, and 5 fiom — 
7, we find the difference to be 26. In this simple and 26 
natiu'al method, the values of the given numbers under- 
go no change; aod, with only one exception, it might be employed 
with as much facility as the common method, the next figure in 
the upper line being always diminished by a unit, when one 
would be carried to the figure below it, in the common method. 
The exception is the case in which the next figure in the uppci 
line is a cipher: in this case the common method is considera- 
bl^r preferable; and, as in practice, that method is in no case in- 
ferior, it IS universally preferred. 

Exercises in Simple Subtraction, 

Ex.8. 915161718—151617189 
9. 202122223—192021222 

10. 357912468—24680135 

1 1 . 750304657 1—34992^84 

12. 376995145—49490718 

13. 153425178—53845248 

14. 100000000— 1000 lOOl 



Ex. 1. 45079—32048 

2. 33456—17748 

3. 65934—48566 

4. 90401—58270 

5. 623417—32686 

6. 8463192—177825 
7 4444444—1234567 



l5« Take four thousand and four from four millions. 

16. Required the diflerence between three millions and three 
thousand. 

17. Subtract nineteen thousand and nineteen, from twenty 
thousand and ten. 

18. Required the difference between three, and three hundred 
thousand. 

19. Subtract one million, nine thousand, and six, from two 
millions, twenty thousand, nine hundred, and thirty. 

20. Required the excess of nine hundred and twelve thousand, 
and ten, above fifty thousand and eighty-two. 

21. La Place, the celebrated French Mathematician and Phi- 
losopher, was born in 1749: required hia age in 1824. 

22. The height of Mont Blanc, the highest mountain in Eu- 
rope, is 15680 feet; and the height of Chimborazo, the hidiest 
mountmn in America, is 21427 feet: how much is the latter higher 
than the former ? 

23. The height of the Pedk of Tibet, thought to be the highest 
mountain in the world is 24,235 feet; and the height of the Peak 
of Tenpriflfe is 12,340 feet: required the difference of their heights 

24. In the years 1707, 1708, 1709, and 1710, the neat revenue 
arising from the British Post-Office^ was, ai an average^58,052 ; 
in 1722, it was £98,010f; in 1783, £159,858; in 1792, £368,784; 
and in 1801, 755,^99. Required the increase between the first of 
^cse periods and the secona^ between the second i\ad the^hird,^ 



SIMPLE MULTIPLICATION. i$ 

25. The population of London in 1821, was 1^74^0; of 
Glasgow, 147,043; Edinburgh, 138,235; Manchester, 133,788; 
Liverpool, 118,972; Birmingham, 106,722; Leeds, 83,796. Re- 
auired the excess of the population of the first of these cities above 
tnat of the second, of that of the second above that of the third, &c. 

26. In 1821, 1822, and 1823, the miports of L-eland from Great 
Britain and elsewhere, were ^65,1 97, 1 93^6,407,428,and^6,607,488, 
respectively: required the excess of the third above the second, 
and of the second above the first. 

27. The exports of Great Britain and Ireland, in 1821, 1822, 
and 1823, were ^$46,980,565, ^847^9,320, and ^46,196,554, respec- 
tively: required the excesses of the second above the first and third. 

28. In 1795, the quantity ef tea sold by the East India Com- 
pany, for home consumption, was 18,498,569 pounds; and in 1800, 
20,780,724 pounds. How much more was sold in the latter year 
than in the former ? 

29. The following are the years of the Christian era in which 
the undermentioned events happened : required the number of years 
from each till the year 1824. Commencement of the He^ra, or 
era of the flight of Mahomet, 622; The Arabic, or modern nota- 
tion in Arithmetic, introduced from Arabia into Europe by the 
Saracens, 991; First Crusade, 1096; Magna Charta signed by 
King John, 1215; Linen first made in England, 1253; Termina- 
tion of the Crusades, 1291; Spectacles invented by a monk ot 
Pisa, 1299; Gunpowder first used in Europe, 1330; University 
of St. Andrews founded, 1411; Algebra introduced into Europe 
from Arabia, 1412; Printing invented, 1440; Constantinople taken 
by the Turks, 1453; America discovered by Columbus, 1492; 
Vasquez de Gama's discovery of the route to the East Indies by 
the Cape of Good Hope, 1497; Commencement of the Refor- 
mation, 1517; Spinning Wheel invented, 1530; Copernicos <lied, 
1543; Spanish Xrmada destroyed, 1588; Telescopes invented, 
1590; University of Dublin founded, 1591; English East India 
Company established, 1600; Decimal Fractions invented, 1602; 
Thermometers invented, and Satellites of Jupiter discovered, 
1610; Logarithms published by Napier, 1614; Circulation of the 
blood discovered by Harvey, 1619; Barometer invented, 1643; 
Air Pump invented, 1654; Newtonian Philosophy published, 
1686; Georgium Sidus discovered, 1781; Union of Great Britain 
and Ireland, 1801; Battle of Trafalgar, 1805; Battle of Wateiw 
loo» 1815. 



SIMPLE MULTIPLICATION. 

The object of multiplication is to find the amount ot 
a number repeated a certain nmnber of times. It is, there- 
fore, only an abridged method of performing Addition, 
when ^e numbers to be added are equal to one another. 



H SIMPLE MULTIPLICATION. 

The number to be repeated is called the multiplicand ; 
the number which shows how often the multiplicand is to 
be repeated, is called the multiplier; and ^ the number 
found is called the product. Both the multiplicand and 
multiplier are sometimes called factors, from their making 
or producing the product. 

When the multiplicand expresses a quantity of only one 
denomination^ the process is termed simple multiplication. 

When the multiplicand expresses a quantity of the same 
kind, but q£ wibre denominations than one, the process is 
termed compound multiplication. 

MULTIPLICATION TABLE.* 



Twice 


3 times 


4 times 


5 times 


6 times 


7 times 


! 1= 2 


1= 3 


1= 4 


1 = 


= 5 


1= 6 


1= 7 


' 2= 4 


2= 6 


2= 8 


2z 


zlO 


2=12 


2=14 


'■ 3= 6 


3= 9 


3=12 


3 = 


= 15 


3=18 


3 = 21 


j 4= 8 


4=12 


4=16 


4 = 


= 20 


4 = 24 


4 = 28 


' 5 10 


5=15 


5=20 


5 = 


= 25 


5=30 


5 = 35 


■ b=l2 


6=18 


6=24 


6z 


= 30 


6 = 36 


6=42 


r 7=14 


7=21 


7 = 28 


7 = 


= 35 


7 = 42 


7 = 49 


8=16 


8=24 


8 = 32 


8 = 


= 40 


8=48 


8=56 


9=18 


9=27 


9 = 36 


9 = 


= 45 


9=54 


9=63 


' 10=20 


10=30 


10 = 40 


10 = 


= 50 


10=60 


10=70 


11=22 


11 = 33 


11 = 44 


llz 


zd5 


11 = 66 


11 = 77 


12 = 24 

8 times 


12=36 


12 = 48 


12z 


= 60 


12=72 


12=84 


9 times 


lot 


imes 


11 times 


12 times 


, 1= 8 


1= 9 


1 = 


10 


1= 11 


1= 12 I 


i 2=16 


2= 18 


2 = 


20 


2= 22 


2= 24 


' 3=24 


3= 27 


3 = 


30 


3= 33 


3= 36 


4=32 


4= 36 


4 = 


40 


4= 44 


4= 48 


5 = 40 


5= 45 


5 = 


50 


i=. 55 


5= 60 


6 = 48 


6= 54 


6 = 


60 


6= 66. 


6= 72 


7 = 56 


7= 63 


7 = 


70 


7= 77 


7= 84 


8 = 64 


8= 72 


8 = 


80 


8= 88 


8= 06 


i 9=72 


9= 81 


9 = 


90 


9= 99 


9= lt)8 


! 10=80 


10= 90 


10 = 


lOO 


10=110 


10= 120 


11 = 88 


11= 99 


11 = 


110 


11=121 


11=132 


12=96 


12= 108 


12 = 


120 


12=132 


12= 144 



* Though the \)ut of the Multiplication Table gireti in the text, ii quite enough. for 
i pupil to commit to. mesaorY a( first ; yet tifter he ha« made tome^Hroficieac; in 



the pupil 
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It will perhaps enable the pupil to commit the preceding Table to 
memory with more eaic> if be be caoaed to construct it by Addition.— 
Thus, to find the produda by 7» let Itim set in one column the figure J 
seven times, in another the figure 2 seven times, in another the figure 3 
as often, && Then, the sums of these coiumus will be the products 
by 7. He will thus be taught the construction and nature of the Table, 
and will perhaps find it easier and more interesting to commit the pro- 
ducts which he has formed himself, than those which he finds without 
explanation in the Table. It will also assist the learner, if his attention 
be turned to the relations subsisting between some of the successive pro* 
ducts in the Table. Thus he will see that the products by 10 are foraw 
ed simply by the addition of a cipher ; that the first nine products by 
11 are formed by repeating the figure ; that the products by 5 terminate 
in 5 and O, alternately ; that in the producU by 9, the first figure gene- 
rally increases, and the second decreases, by a unit, &c 

Rtdejbr Simple Multiplication, 

(1.) Place the multiplier below the multiplicand, with 
luiits under units, tens under tens, &c. (^•) If the multi- 
plier do not exceed \% multiply, by means of the Multi- 
plication Table, each figure of the multiplicand by it, be- 
^nning with the units, and setting down and carrying as 
in Addition. The result will be the product required. (3.) 
But if the multiplier be greater than 12, find the proi^ucts 
of the multiplicand by the several figures of the multiplier, 
successively ; setting the right hand figure of each product 
under that figure of the multiplier which produces it; The 
sum of all these products will be the total product required. 

If either the multiplicand, or the multiplier, or both, end 
in ciphers, the significant figures may be arranged and mul- 
tiplied according to the rule^ and as many ciphers annexed 
to the product, as are found at the end of both factors. — 
Ciphers in any other part of the multiplier, are to be ne- 
glected. 



Aiiibmebc, it may tie found of advantage to require him to coivinit what follows, as it 
vUl enSUe him, in inan; caMM, to shorten hit work in a considcrablG degri^. llie la^ 
bour of committing a more extended tal)le, would be waroely oom^eoMted by Uie«d 
▼abtage retuking. 



1.? times 


K times 


lii times 


16timea 


nUmes 


18t^es 


19 time* 


S- S6 


£= 98 


2-30 


2=«^^ 


S= 34 


2= 36 


2= 3b 


S= 39 


*= 4S 


9= 45 


3= 48 


3= 51 


3= 54 


3= 57 


4— 5« 


4= 56 


4= 60 


4= 64 


4= 68 


4= 72 


4« 76 


5— 65 


5= 70 


6= 75 


S= 80 


5= 85 


5= 90 


5?^ '9^ 


6= 7S 


6= 84 


6= 90 


6= 96 


6 = 102 


6 = 108 


f^*^* 


JiiS 


7= 98 


7 = 105 


7=112 


7 = 119 


r=l86 


T-^ias 


8 = m 


8 = 120 


B=128 


8 = 136 


8 = 144 


8«Ma 


© = 117 


9=126 19 = 136 


9 = 144 


9 = 153 


9=ir>2 


?=m 



Multiplicand...324 
Multiplier. 8 

Product...2592 
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^ The sign X, called the, sign of MuUiplicaium, is frequenlh 
used to denote the multiplication of the numbers between which, 
it is placed. Thus, 20 X 12=240, denotes, that the product or 
20 and 12 is 240. 

Examples in Simple Multiplication. 

Ex. 1. Multiply 324 by 8. 
Set -the numbers as in the margin, and 
proceed thus: — 8 times 4 are 32; set down 
2, and carry 3: 8 times 2 are 16, and 3 are 
19; set down 9, and carry 1; 8 times 3 are 
24, and 1 are 25; set down 25; and the pro- 
duct is two thousand, five hundred, and ninety-two, the same 
that would have been obtained by adding together eight lines, each 
324: and thus it would be well to cause the pupu to work this 
and a few similar questions, to make him sensible of the identity 
of Multiplication and Addition. 

Ex. 2. What is the product of 29 and 365 ? 
Set the numbers as in the margin, multi- Multiplicand...365 
ply by 9, and set 5, the first figure of the *' '' '* 
Ijroduct, under the 9; then multiply by 2, 
and set 0, the first figure, under the 2. — 
The sum of these partial products will give 
ten thousand, five hundred, and eighty-five, 
the entire product required. 

Ex. 3. Multiply 36407 by 40206. 
Here the first figure of ^he first partial 
product, is set below the figure 6 m the 
multiplier; the first figure of the second 
partid product, below 2; and the first of 
the third, below 4; the ciphers in the 
multiplier being neglected. 



Multiplier 29 

3285 
730 

Product... 10585 



Multiplicand...36407 

Multiplier ..40206 

218442 
72814 
145628 
Product., 



Ex. 4. Multiply 320 by 2400. 
The numbers being arranged as in the 
margin, multiplv as in the last example 32 
by 24: to 768 the product, add three ci- 
phers, and the entire product is seven 
nundred and sixty-eight thousand. 



.1463779842 



Multiplicand...320 

Multiplier 2400 

128 
64 



Product...768000 



Reason of the Rule. 
The principle on which this rule depends, is, that the products 
of the several parts of the multiplicand by the multiplier, or its 
parts, are, when taken together, eaual to the product of the whole 
multiplicand bv the whole multiplier. The reason for the mode 
of arranging tfie partial products, is, that figures of the same lo- 
cal value may stand in the same column. This will be imderstood 
from the following illustration, * 



SIMPLE MULTIPLICATION. 19r 

In the example in the margin, we have first 7 times 497 
7=49=4 tens and 9; the 9 is set down and the 4 7 

tens reserved. Then 7 times 9=63, and 4 are 67, — - 
or 6 tens and 7. The 4 add<Bd to 63, is, by the nature 3479 
of notation, equivalent to thb 4 tens reserved, since 
4 in the second place is equivalent to 40 in the irst; 7 is then set 
down, and 6 tens, or proi>erly 6 hundreds, reserved, and 6 added 
for them in the hundreds place. 

The annexing of one cipher to a nuviher expreaed by the modgm 
notation, makes its value 10 times what it was before; two ciphers 
100 times; three ciphers, 1000 Hmes, &c. This is evident from the 
principles of notation, since the annexing of a cipher removes 
each figure one place to the left. Thus, the figure 7, with one 
cipher annexed, expresses 70, or 10 times 7; with two ciphers, 
700, or 100 times 7, &c. 

Ftom this the operation in the mai^n 6758, Multiplicand 

will be understood. The multiplier is 346, Multiplier. 

equivalent to 300, 40, and 6, taken to- 

cether; and, therefore, the multiplicand 40548=6758 X 6 

IS multiplied by 6, 40, and 300, succes- 270320=6758 X 40 

sively, and the sum of the jM-oducts taken. 2027400= 6758 X 300 

In miiltipl3ring by 40, the product by 4 — — 

is taken, and a cipher annexed; and in 2338268= e758'X 34a 
multiplying by 300, two ciphers are an- 
nexed to the product by 3; in both in- 6758, Multiplicand 
stances according to the principle just 346, Multiplier 

delivered. In the second, or conunon 

form of the operation, these additional 40548 

ciphers are omitted, and the omission 27032 I 

is compensated by making the figures 20274 

occupy the same places which they do ' 

when the ciphers are annexed ; and 2338268, Product. 

hence the reason of setting the figures 

h) the manner prescribed in the rule, is evident. When the pupi-, 

Is learning the reason of the rule for Multiplication, it may be 

well to cause him for some time to jEUinex the ciphers, in the mode 

above explained. 

Methods of Proof 

1. Let the multiplier be taken as multiplicand, and the multi- 
plicand as multiplier; and if the product thus obtained agree with 
ihe product found before, the process is right. 

Thus, when 64 is multiplied by 45, 
the product is found to be 2880; and 
-when 45 is multiplied by 64, the same 
result is obtained. 



64 


45 


45 


64 


320 


180 


256 


270 


2880 


2880 
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2. Add together aU the digits of the multiplicand^ exeept 9, 
which is to l^ nesleeted when it occurs; reject also 9 irom the 
successive sunis oi the digits, when those sums exceed 9, and re- 
serve the final excess. Proceed in like manner with the multi{^er 
and the product Then multiply together the excesses found in 
the multiplicand and the multipuer, and, in the same manner as 
before, find the excess in this product If this be the same as the 
excess in the product of the given factors, the work is, in most 
instances, correct: if it differ^ the work must be wrong.* 



, * From the great brevity and fadlity of this mode of proof, it if very convenient in 
Dractice. In come caiet, indeed, operations wliich are incorrect may appear by thia 
method of proof, to be correct ; an occurrence however which is extremely rare, unleM 
It be eitker purpoaely eflbctad, or arise from the misjilacing of flgures ; and benoe, for 
the purposes of the experienced arithmetician, it is perhaps preferable to any other me. 
thed of proof. It is scoroely necessary to say, that the using of a cross, (x) in thiame> 
thod of proof, is both awkward and unnecessary. 

The principle on which this process depends, is, that if any numher and the sum qf 
$U difjUiU hoik dnkUdbgQ, the renuiindersmboihcasest are the same. Thus, 1000= 
999-f-I, where the remainder must be 1. since »9» is evidently divisible by 9, wtthout 
remaiader. Hence, since 3000=1000x3=999x3+3, the remainder here will evidenUy 
be 3, since 999x3 is divisible by 9, without remainder. In Uke manner it might be 
shown, that in dividing by 9, the remainder in 5000 would be 5 ; in 400, 4 } in SOOOO, S, 
Ac; being in all cases, the same as die significant figure contained in the number. 
Hence if the number 487 be proposed, it is equivalent to 400+80+7 ; which paru, if 
divided successively by 9, would leave, by the above principle, tbe remainders 4,8, 7 ; and 
therefore the remainder of the entire number will evidently be the same as the sunt of these^ 
diminished by the rejection of 9 as often a» pesiiUe. Now, suppose it were required to 
multiply 112 by 48 ; 118c=12x9+4, and 48=^5x9+3 \ the product therefore wUI be equal 
to 12x9+4 multiplied by 5x9+3 ; which, by multiplying the several terms, becomos 
12X9x5x9+5x9x4+12x9x3+4x3. In this product thethree first terms are evidently 
divisible by 9, Without remainder: consequently, tbe remainder obtained by dividing 
Che wliole product by 9, will be the same as the remainder obtained by dividing 4x3^ Uie 
product of the excc&ses of die factors, by 9; and thus the reason (tf this method of proof 
Is evident. The same property belongs to the digit 3 ; but it is more convenient in prac 
tlcetouse9. 

Another method of furoof, wbidi is nearly as easy, and is perhaps more certain than 
The preceding, depends on a property of the number U in tlie decimal notation. This 
property might be proved in a manner similar to that given above. It would be too te. 
dious however to be Introduced here ; and Indeed both are better and more easily given 
by Algebra. The following is the meUiod referred to : Commencimg at the wUUqf the 
muUipUcand, add togdher the digHs in the odd places, refecting 11 as qfteu as possible, 
and resertfe the result ; proceed in the same manmer tmttft the digits in the evenplaces, 
and from the former result, increased if necessary £y 1 1, take this result and place the 
eaoast opposite to the muMpUcand, In the same manmer find the excesses qf the msUtim 
pUer and the product ; then mMlpty the excesses qf the ttvo factors together, and fimd 
in the same manner, the excess of their product : if this excess, and the excess qf the 
product qf the factors be the same, the work h in most cases correct j if they di§hr, U 
must be wrong. 

In the annexed example, (the work of whieh, for br(>v- Multiplicand...8496S......10 

Ity, is omitted,) 3 and 9 are 12, which exceeds 11 by 1 ; 1 Multip)ier...44085o.... 8 

and 8 are 9 ; then 6 and 4 are 10, which being taken Arom ■ 

SO (=9+11,) the excess is 10. Then, in the multiplier, Produet, 3746693851...... 3 

the sum of 5^ 0^ and 4, is 9. fhHn whicli 1, the excess of 
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In the annexed example, 6 and 8 are 14, 68597. ...^9 

which exceeds 9, by 6; 5 and 5 are 10, which 897...^.6 

exceeds 9, by 1 ; 1 and 7 are 8, which excess -*-*- 

we set opposite to the multiplicand. In the 480179 

multiplier, in like manner, 8 and 7 are 15; 617373 

which exceeds 9, by 6, which excess is set op- 548776 

posite to the multiplier. In the product, 6 " • 
and 1 are 7, and 5Lare 12, which exceeds 9 61531509......3 

by 3; 3 and 3 are 6, and 1 are 7, and 5 ere 

12, which gives an excess of S, to-be set opposite to the product. 

Then the product of the two excesses, 6 and 8, is 48, the sum of 

the digits in which is 12, which gives nn excess of 3, the same as 

the excess of the product; and hence we judge the work to be 

correct. 



Ex. 



1. 144X3 

2. 795X4 

3. 729X5 

4. 936X6 

5. 1599X7 



Exercises in Simple MtdtiplicaHan* 



Ex.6. 125X8 

7. 3046X9 

8. 7308X11 

9. 1729X12 
10. 1816X10 



Ex.! 1.40376X40 
12*40376X4000 
13.819200X700 
14:7854X900 
I5.4096X1200Q 



Ex. 16. 148X53 =:;7844 

17. 958X34. ^ =32572 

18. 7198X216... =1554768 

19. 31416X 175 =5497800 

20. 8862X 189 =1674918 

21. 7071 X556 , =3931476 

22. 93186 X 4455 =415143680 

23. 40930 X 779 ^ =31884470 

24. 12345 X 686 =8468670 

25. 46481 X 936 =43506216 

26. 16734X708 =11847672 

27. 7576X7575 =57380625 

28. 8320900 X 1328 =11050155200 

29. 17500X732 =12810000 

30. 15607X3094^ =4^266058 

31. 7492153X468 =3473567604 

32. 9264397X9584 =88789980848 

33. 4687319 X 1987 =9313702853 



84-4 aboTe 11, Mng taken, the excess if & In the product, 5 add 8 are IS j S, the «u 
ccM, and 9 are 11, whtch to rejected; 5 and 7 are IS, the exoe« of which to 1 ; tfaea 5 
and S are 8k and 5 are IS; 2 and 4 are 6; and 3 are V; 9fh>RilS, <=l-t-U,) akd the es^ 
mtm^iBS. The paoduct of the Ant two ezoeMet to 80, the exoeas of which (found by 
talOiig 8 firom 11^ to S; the ume as the excess of the proiduct of the factory 

Bj applying both these modes of proof to the same operation, an almost absolute ce»- 
talaty of its eomctncss wiU be obtained. 
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Aiuwers. 
Ex. 34. 204053 X 1617000 z=32996'370l0^er 

35. 9507340X7071.... =67226401140 

36. 39948123 X 6007 =239968374801 

37. 73885246X6079 =4491484104.34 

38. 57902468 X 5008. =289975559744 

39. 57902468 X 5080 =2941445374^0 

40. 57902468 X 5800 =335834314400 

41. 12481632 X 1509 = 18834782688 

42. 7906802pX 1386 = 109588282650 

43. 92948789 X 7043 =65463832092'/ 

44. 58763718X6754 =396890 15 13 72 

45. 73084163 X 7584., =554270£92 192 

46. 144X144X 144 =2985984 

. 47. 3851X3851X3851 =57111104051 

48. 79094451 X 764095 =60435674536845 

49. 79548050X97280 =7738434304000 

50. Multiply fifty-six millions, seven thousand eight hundred, 
and fifty-four, 4>y eighty millions, six hundred thousand, nine 
hundred and seventy-six. Answ. 4514287696065504. 

51. Multiply five hundred and seven millions, five hundred and 
forty-six thousand, tv^o hundred and fifty-six, by seven hundred 
and eight millions, nine hundred thousand, and fifty-eight. Answ» 
359799570316082848. 

52. Multiply eighty millions, seven thousand, six hundred, by 
eight millions, seven hundred, and sixty. Atisw, 640121605776000. 

53. Required the amount of sev^ hundred and nine millions, 
fpur hundred and sixty-five thousand, nine hundred and eight, re- 
peated eight hundred wousand, three hundred and sixtv-five times.. 
Answ. 567831681456420. 

54. Multiply eight hundred, and seventy-seven millions, five 
hundred and ten thousand, eight hundred and sixty-four, by five 
hundred and forty-five thousand, three hundred and fiftv-seven. 
^««a;. 478556692258448. 

55. Multiply one hundred and twenty-three millions, four hun- 
dred and fihy-six thousand, seven hundred and eightv-nine, by 
nine hundred and eighty-seven millions, six hundred ancl fifty-four 
thousand, three hundred and twenty-one. Am, 121932631 1 12635269. 

56. How many yards of linen are in 759 pieces, each containing 
25 yards? Answ, 18975. 

57. Sound is known to move about 1 130 feet per second; how 
many feet will it move in 69 seconds ? Av,sw, 77970. 

58. It is found by microscopic observations, that in each square 
inch of the human skin there are about 1000 pores; and the sur- 
face of the body of a middle sized man contams about 2304 inches, 
(or 16 square feet.) Required the number of pores in the surface 
of such a body, 999 being supposed to be contained in each inch. 
Answ. 2301696. 

59. An elm will live 100 years; and it has been computed that 
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•ach year, at an average, it produces three hundred and twenty- 
nine thousand grains or seeds, each of which, if properly treated, 
would produce a tree. How many trees might be produced from 
one ebn in 67 years, and how many in 100 years? Answ. 22043000, 
ami 32900000. 

60. In London, of morning newspapers which are printed everr 
day, except Sunday, there are sola about fifteen thousand eacn 
day; and of evening papers published the same days, about thir- 
teen thousand; of papers published three' times a-week, about ten 
thousand of each impression are sold. There are likewise sold of 
Sunday papers about twenty-six thousand, six hundred, weekly; 
and of other kinds about twenty thousand, weekly. How many 
single papers are sold in London weekly, and how m^y yearly, 
the year containing 52 weeks? Answ. 244600, and 12719200. 

61. During the 50 years between 1700 and 1750, the quantity 
of linen exported from Ireland, each year at an average, was 4 
millions of yards; during the next six years, 11,796,361 yards in 
each; during the next seven years, 14,511,973 yards annually; dur- 
ing the next seven, 17,776,862 yards per year; and during the suc- 
ceeding seven years ending 1777, the avenge quantity was 
20,252,239 yards annually. Hequired the whole quantity ex- 
ported from 1700 till 1777. Aruw. 638565684. 

62. Rees's " Cyclopsedia," consists of 39 volumes, each con- 
taining at an average, 774 pages, of two columns. In each co- 
lumn there are 67 lines, each contmning at an average, 10 words, 
and in those 10 words, there are, at an average, 47 letters. Re- 
quired the number of pages, lines, words, and letters, contained 
in the entire work. Answ. 30186 pages, 4044924 linet, 40449240 
words, l90nU2S0 ietters. 
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Division is the method of finding how often one givec 
number, called the divisor, is contained in another, called 

the DIVIDBNS.* 

The number which shows how often the divisor is con- 



• Or, DMsUmii the fntOcdqf finding m number vokick wO be aontained a gieen 
mimber qf time$, in anotker given number s or, Divisian ^ the method qf finding cne 
V ibe faOort qf a gieen product, when the other factor is given. 

These two definitions, and that given in the text, result Arom the diflferoit points ot 
wiem in which Division ts considered, and are easily reduced to one another. The laH 
ii aiiplicable to numben of every kind, whether whole or fractional, and ih« one before 
It is alilce applicable to Simple and Compound Division. Tbe,one in tb« text, however. 
Is the mMt simple for the learner, and has the adva»fagt oi fhowiog very easily th« 
klaotity of Division and SubtractiOD. 
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tained in the divideiiti, is called the quotisnt ; and if any thing 
be left afler the operation is finished, it is termed the ae« 

MAIKDER.^ 

' When the dividend expresses a quantity of one denomtna' 
Hon, the process is termed simple division. 

When the dividend expressed a quantity of the same Mnd, 
but qf different denominations^ the process is termed com- 
pound DIVISION. 

Rule for Simple Division, 

(I.) Place the divisor to the left of the dividend, with a 
line between them, and leave a space to the right of the 
dividend for containing the quotient. (2.) Find by the Mul- 
tiplication Table how often the first figure of the divisor is 
contained in the first figure, or the two first figures of the 
dividend, and set the figure denoting the number of times 
in the quotient. (3.) Multiply the divisor by the figure thus 
found, set the product below the leading figures of the di- 
vidend, and subtract it firom them« (4.) To the remainder 
annex the next figuref of the dividend^ divide the result as 
before, and thus proceed till the operation is finislied.. 

If any product be greater than the number which stands 
above it, the last figure in the quotient must be changed 
for one of smaller value ; but if any remainder be greater 
than the divisor, or equal to it, the last figure of the quo- 
tient must be changed for a greater. If any of the succes- 
sive dividends be less than the divisor, a cipher must be 
put in the. quotient, and another figure, if any remain, brought 
dcwn from the given dividend.;]: 

« When one number containt another a certain number of times exadfy, or ioAAom^ 
remainder, the greater is c&lled a multiple of the less, or it is said to be divisible bjr the 
ien ; and the less iftsaid to measure the greater, or to be a measure, or a divisor, or an 
aliquoi part of the greater. Thus, SI is a muHiple of % and 7 is ^ measure^ a divisor* or 
an aliquot part of £1. 

When a number is a multiple of two or more numbers, it it called a common maUUpte 
t€ these numbers ; and aauolber wliidi is a meamre of two or mere numbers^ Is called 
a common measvre of them. Hius, 12 is a common multiple of 2, 3, 4^ and 6; and S is 
a common measure of 6, SI, vad S3. 

When a whole number is a multiple of any other whole number, greater than unity, 
it is called a composite number. Thus, 4, 6, 8, 9, &c. are composite numbers. BiU 
when a whole number is not divisible by any other whole number, greater than unity, it 
is called a prime number. Thus, S, 3, 5, 7, U, &c. are prime numbers. 

t It is proper, for preventing nUstakes, to put a dot beneath each figure of the given 
dividend, when it is brought down. 

t It is carefully to be observed, that fbr each figure qf the dividend which is brought 
down, either a significant figure or a cipher must be put in the quotient, beside* the first 
figure that 'vasputin it. 
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When the divisor is below 1 S, the seveifal mukiplicatious 
and subtractions ta&y be performed mentally, and the quo- 
tient set under tlie dividend.* 

The sign -:-, called the sign <f Divitmi^ placed between two 
numbers, denotes that the former is divided by the latter. The di- 
vision of one number by another, is also frequently denoted by 
writing the dividend above the divisor, with a line drawn between 
them. Thus, 144-^9=16, or ^$^=16, denotes that 144 is di- 
vided by 9, and that the quotient is 16. When there is a remain- 
der, after the operation is finished, the division of it by the divisor 
is generally expressed in the latter mode: thus, if 76 be divided 
by 9, the quotient is written SJ. 

Methods of Proof, 

1 . Find the product of the divisor and quotient, and add to it 
the remainder; if the sum be equal to the dividend, the work is 
correct. 

2. Subtract the remainder from the divitlend, ftnd divide the re- 
rtlltby the quotient; if the quotient thus found be the same as 
the original divisor, the work is right. 

3. Cast tJie nines out of the divisor, dividend, quotient, and re- 
mainder; then, to the product of the excesses ot the divisor and 
quotient, add the excess of the remainder, and cast the nines out 
of the sum; if this excess be equal to the excess of the dividend, 
the work is generally correct. 

Examples in Simple Division, 

Exam. Divide 136 by 8. 

Here we say, 8 in 13 once, and 5 remain; 8) 136 
8 in 5% 7 times,, and nothing remains. The 17, Quotient, 

quotient therefore is 1 7 ; and by multipl j-ing g* 

it by the divisor 8, we obtain 136, the divi- Jog" p^^^^f 

dend, which proves the operation. * 

Division may be r^arded as a contracted mode of performing 
successive subtractions of the same number. Thus the preceding 
example might be wrought by subtracting 8 from 136, 8 from the 
remainder, 8 from that remainder, &c. till, after 17 subtractions, 
the dividend would be exhausted, there being no remaiiider. TF^e 
number of subtractions shows how often the divisor \i contained 
in the dividend, and agrees with the result already found. The 
pupil might, with advantage, be required to work, in this manner, 
a few examples in which the quotients would be small numbers. 

* When the opcrAtinn is performed in thisi manner, it isinualljrtermed Shori Di9ltiu% 
while the other method k called Long JHvMon. 

c 
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Ex. 2. Dmde 15967 by 67. 
Let tl^ divisor, 57, be set before the 57) 15967 ( 280^ 
dividend, 15967, as in the margin, and 1 14 * * ^7 

propeed thus: — How often is 5 eontain- -^— . 

ed in 15 ? twice :* place 2 in the quotient, 456 1 967 

multiply the divisor by it, and set the 456 1400 

product below 159, the leading part of ■ ■ - 

the dividend. This being subtracted 7 15967,proof 

from 159, the remainder is 45, to which 

6, the next figure of the 'dividend, is annexed. Again, how often 
5 in 45? 8 times: place 8 in the quotient, proceed as before, and 
there is no remainder. Then 7, the remaining 6^ure of the di- 
vidend, containing 57 no times, a cipher is placed m the quotient, 
and the remainder is written io the quotient over the divisor 57. 
The quotient, therefore, is 280^. 

If the divisor end in ciphers, cut them off for a contrac- 
tion, and cut off the same number of figures from the right 
of the dividend ; then proceed with the remaining figures, 
according to the rule, and to the last remainder annex the 
figures cut off in the dividend, to find the true remaind^ : 
thus — 

Ex. 3. Divide 782967 by 3700. 

In this exercise two ciphers 37|00) 7829|67 ( 211§ftt 
are cut offfrom 3700, and two 74 •• 3700 

figures from the dividend; then 42 2267 

the division by 37 proceeds in 37 1477 

the common way, and to the "59 633 

last remainder, 22, the figures 37 782967, ProoC 

Hence, when the divisor is unity, with one or iliore ciphers an- 
nexed the quotient will be found by cutting off from the dividend 
as many figures for remainder as there are ciphers in the divisor : thus, 
F it be required to divide 53826 by 100, the quotient is simply 538t\fxj« 



# It would wem here at fint sight, that 3, and not 8, should be put in the quotient 
Were the divisor multiplied by S, however, the product, 171, would be greatm than 159 
The learner often finds difficulty, in this way, iu discovering what figure be should place te 
the quotient In this example, 5 is contained in 15 twice, with the remainder 5, which* 
with 9, the next figure in the dividend, makes 59. In this, 7, the second figiure oi the 
divisor, is contained 8 times, which being more than S, the number of times 5 mm 
found in 15, we are certain that the divisor is contained twice. Had 5 been takm S 
times in 15, however, we diould have had no remainder to prefix to ; and 7, the second 
figure of the divisor, la not cootakied 3 tiaoes in 3, and consequently, the whole divisor 
is not contained 3 times in the leaduig figures of the dividend. This method may per> 
haps be employed with some advantage when the divisor is large ; pracooe, however, 
viUiOQii render it unnecessary. When the leooiid flgureof the dlviaor if «bove5, in 
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When the divisor can be resolved into two factors not 
exceeding 12, the dividend may be diviaed by one of them 
by Short Division, and the result by the other. In pro- 
ceeding thus, . if there be remainders, the true remainder 
on the whole division, is found by multiplying the last re- 
mainder by the first divisor, and adding to the product the 
first remainder.* 

Ex. 4. Divide 947351 by 56. 

Here the first remainder is 6 and the second 7) 947351 

7, and by the rule we obtain 55 for the remain* 

der, in dividing by^56. The reason of this is 8) 135336^ 

best shown by means of fractionsL It is evi- 

dent, however, since the first line is 7 times 16916ff '• 

the second, that whatever remains in dividing, 
the second line is only a seventh part of what it would have been 
in the first, and hence the reason will be manifest. 

When the pupil has had some practice in the methods already 
explained, he may be taught to omit writing the products, which 
will at least save much room in his operations. This method will 
be understood from the following example:— 
Ex. 5. Divide 436951 by 173. 

Here the first figure put in the 1731 436951 (^525if| 
quotient is 2; then we say, .twice 3 — — • • • 

are 6; 6 firom 6, and nothing re- 909 

mains; twice 7 are 14; 14 from 23, ^ — 

and 9 remain; twice 1 are 2, and 2 445 

(carried,) are 4; 4 from 4, and — 

nothing remains. We then bring 991 

down 9, and place 5 in the quotient; — 

then 5 times three are 15; 15 fi-om 126 

19,. and 4 remain; 6 times 7 ;are 



trying for the figure to he placed in the quotient, the Qnt nuiy be tacreasod tqr UDtty. 
TbtM, in the exunple before us, we might haye said, how often 6 in 15 ? &c» 

"'^ '^nfih pllflft ^ '<i^«nr to the right of the dividend, an<jU-— * figiSBCW 
the quotient below it, as in the example in the margin.'^ This 574 • • t721 

IboJe "gives the work a more coinpact and neat appearaface, anZT ' ' — — 
poasesses the advantage of having the figures of the quotient near 17S 

tliedlvfsor, by which means the practical difficulty of multiplying 164 

the dlviaor by a figure placed at a distance fl'om It, is removed. — — 

Tbta difficulty every one must have felt, particularly in long ope. 82 

mtknn; and hence this method might, with much propriety, be 8S 

•dotted In preference to that which is employed in this country. — 

«. JJ^ niay be proper to observe, that this method Is not applicable when the dlvitot it • 
« prim^ niunber, as the factors must be s^ch as exactly to produee^e divisor. It mvy 
be fiurther remarked, that when there are more than two fiKtmrs, the true remainnler 
will be found by applying the rule given in the text to the tw9 last remaiiMleri, then lo 
tb« result and the remainder before them. Sec 
C2 
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35, and I are 36; 36 from 40, and 4 remain; 5 times 1 are 5, and 

4 (carried,) are 9; 9 from 9, and nothing remains, &c. 

Reason of the Ride. 

The principle on which the operations in Division depend, is, 
that a pafi or the quotient is found, and the product of it and the 
divisor deducted from the dividend: then another part of the quo- 
tient is found, and its product by the divisor deducted from the 
remainder found before; and thus the operation proceeds till 
nothing remains, or till the remainder is less than the divisor. This 
will be understood from the following example: 
Ex. 6. Divide 31272 by 73. 

Here, the first part of the quotient is 73) 31272 (400 
400, the product of which by 73, is 29200. 29200 

This taken from the dividend, leaves 73) 2072 (20 

2072 to be divided by 73. The next part 1460 

of the quotient is 20; the product of 737612" (8 

which by 73, is 1460, which still leaves ' ^^ _2- 

a remainder of 612 to be divided by 73. . ^2g 

This gives 8, with the remainder 28. gg 

Hence, it appears that 73 is contained 
in the dividend 400+20+8 times, or 
428 times, with the remainder 28. By 
comparing this and the common process 
subjoined, it will be found that the latter 
is merely an abbreviation of this, the ci- 
phers being omitted in the one and de- 
tained in the other. 




Exercises in Simple Division.* 



Ex. J. 470850-4-3 

2. 1829765-f-4 

3. 4265983-4-5 



Ex. 4. 3782047 -^6 lEx. 7. 74593822-^*) 

5. 7165537 -i-7 8.53248675-^11 

6. 27459332-4-8 | 9. 49275189-i-12 

Atmaers, 
Ex. 10. 51846734-4-102 =508301t^ 

11. 727346489-^408 =1782711|Si 

12. 980263711-^809 =1211698^ 

13. 536819237 -^907 =591862|8} 



« The pupil should be required to prove the work of the several exercises in Dtrision, 
by Multiplication. Every operation in Long Division* ttius proved, afibrds him in re> 
aiity an exercise in each of the four, fundamental rules ; as, in finding the quotient he 
eioploys Division and Subtraction, and in the proof. Multiplication and Addition. 
Hence, perhaps tne exercises here given will not seem, on due consideration, too nik 
inerous, though at flrst sight they might appear to be sa It is of the first importance 
that the pupil should have acquired both accuracy and despatch in performing the opera, 
tions in the fundamental rules, before he proceeds to ^>ply tl>em in the more advanced 
parts of Arltlkmetic; 
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Atuwtftt 
Ex. 14. 1457924651 -J.1204. =12l0900tJ4i 

15. 28101418481 -M 107 z=25385201fiVr 

16. 513513513513-5-917 =559992926^^ 

17. 648751624367 .^731 z=88064517GH1^ 

18. 465465465465-^-644 =722772461 Hi 

19. 347382600435^727 =477830261^1 

20. 1700649160000-^759 =2240644479^1 

21. 571824753344-i-839 =681555129H^ 

22. 245379633477-f-1263 =194283161iHJ 

23. 536847555555-1-1138 =471746533^81 

24. 234516447519-i-759 =308980826^ff 

25. lllHllllllll-f-854 =1301066874iii 

26. 789012345676-^7384 =106854326^||f 

^27. 75843639426.f-8593 =882621 IHfi 

28. 65358547823-^2789 =23434402^^ 

29. 33333333333-5-5299 =6290495VVW 

30. 321987653321^7766 =41461196H|| 

31. 542713060315-1-4444 =122122650iHJ 

32. 2652104208416-1-7539 =351784614fH§ 

33. 7314617334753-1-6784 =1078215998|^Hi 

34. 3146173847837-1-9387 =335162868^^ 

35. 555777999444777-1-891 =623768798478H^ 

36. 765809034537648-1.793 =965711 266756 fjg 

37. 582390171945H0-4-693 =840389858506|M 

38. 582390171945110-4-593 =982108215759^^3 

39. 582390171945110-5-493 =1181318807190t|§ 

40. 582390171945110-5-393 =1481908834465gH 

41. 5823901719451104-293 =1987679767730||^ 

42. 582390171945110-5-193 =3017565657746|H 

43. 3333333333333333-^483 =690131 12491 37 J|f 

44. 3333333333333333-4-484 = 688705234 1597Hi 

45. 1000000000000000-1-81 =1 23456790 12345|-{ 

46. 1000000000000000^729 =1371 7421 12482ff| 

47. 1000000000000000-1-1 11 =9009009009009x1, 

48. 1000000000000000-1-1111 = 900090009000^4? ? 

49. 1000000000000000-5-1111 J = 90000900009 „^„ 

50. 555555555555-5-123456 =4500028t|VWV6 

51. 555555555555-5-654321 =849056|tttH 

52. 102030405060-5-123456 =826451^^^% 

53. 908070605040-1-654321 =1387805HHft 

54. 3784926474826-5-3843C5 =984721 9itf|f J 

55. 467817938473-^2100 =:822770446ff J^ 

56. 367817938429-5-36500 =10077203HfM 

57. 267817938473-4-8760 =30572824^VWy 

58. 167817938176-4-957000 =175358ffHS4 

59. 167817938473-4-87700 =1913545tHM 

'60. 267817938115-4-1360000 =196924+1^^ 

61. 367817938473-5-87000 =4227792if JJ§ 
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62. Devis, the highest mountain in the neighbourhood of Bel- 
fast, is 1542 feet high; and Mont Blanc 15,680 feet: how manj 
mountains, each as high as the former, must be piled one above 
another to equal the height of the latter ? Answ. lO^Wi* 

63. In 1821, the population of Belfast and the sid)urbSy was 
about 40,000, and that of London was 1,274,800: how many 
towns, each containing as many inhabitants as Belfast, must be 
combined, to form one containing the same population as London? 
Answ. S\^U%%- 

64. The linen exported from Ireland in 1809, was 43,904,382 
yards: of how many pieces, each containing 25 yards, did this 
quantity consist? Anrtff, 1,756,1 75,^. 

65. The entire quantity of tea sold by the East India Company 
in 1799, was 24,853,503 pounds: how many chests, each contain- 
ing 87 pounds, would this quantity fill? Answ. 285,672 Jf. 

6^. u it be supposed, as in common circumstances b found to 
be nearly true, that as many persons die in 33 years as are equal 
to the entire population, it is required to find how many persons 
die each year, at an average, in the British dominions in Europe, 
the population (in 1821,) being 21,481,152. Answ. 650,944i 

67. How many lessons of ninetv-five lines each, are contained 
in Virgil's ^neid, the number of lines contained in that poem 
beiag nine thousand, eight hundred, and ninetv-two? Answ, 104^. 

68. The following is the quantity, in hundreds weight, of tfie 
butter exported from Ireland, from 1800 till 1811 inclusive: re- 
quired the quantity exported each year, at an average : in 1800, 
263,288j in 1801, 178,*96; in 1802, 304,666; in 1803, 396,353; 
in 1804, 334,251; in 1805, 320,155; m 1806, 294,415; in 1807, 
338,508; in 1808, 333,998; in 1809, 346,856; in 1810, 385,953; 
in 1811, 390,833. Answ. 323,981. 

69. The following is the quantitv, in pounds, (avoirdupois,) of 
cotton-wool imported into England, from 1805 till 1810 inclusive: 
required the quantity imported each year, at an average: in 1805, 
59,862,406; in 1806, 58,176,283; m 1807, 74,925,306; in 1808, 
43,605,982; in 1809, 92,812,282; in 1810, 136,570,103. Answ. 
77,658,727. 



ABBREVIATIONS IN THE FUNDAxMENTAL RULES. 

The rules already given for performing the fundamental opera- 
tions in Arithmetic, are of a nature completely general, and are 
fully adeauate to the performance of all operations that can occur. 
Hence the pupil should be made substantially acquainted with 
them, before he proceeds to any thing else. As the operations, 
however, are often of a tedious and laborious nature, it is desira- 
ble to be able to employ easy and expeditious methods of perform- 
ing them, when sucn can be obtained Some of the ftiost useful 
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of these will be found in what follows. Others ndght have been 
efiided, but not so easy or useful, or so frequently ^plicable. "With 
respect to those which are given, it will be well to proportion to 
the capacity and proficiency of the pupil, the number of them 
which ne will be required to learn. 

The principal abbreviation admissible in Addition, is the oddity 
of tuH> or more figures at once. This is peculiarly convenient, uAen 
the turn of ttvo or more figures is exadly ten. Thus, 
in the annexed exmtiple, we may say 10 and 14 41257 
are 24, and 10 are 34. Then, carrying 3, we may 63783 
proceed, 10 and 10 are 20, and 10 (5+5) are 30, 56558 
and 8 are 38. 10 (3+6+ 1) and 16(4+5+7) are 38416 
t% and 2 are 28. 14 (2+5+7) and 14 (8+6) are 77198 
28, and 4 are 32. 14 (3+4<+7) and 14 (3+5+6^ 45672 

are 28, and 4 are 32. When, by attention and 

practice, facility in this mode (^ proceeding is ac- 322884 
quired, it will be found to be of more value than 
might at first be imagined. 

To multiply by 5: Add a cipher^ or reiher concave it to he added^ 
io the muUipliccmdy and take half the result. 
This is evidently the same as multiplying by 384729 X 15 
10, and taking half the product. To multi- 1923645 
ply by 15 : Conceive a cipher to be added to the - 
multiplicand, and to the result add half of it' 5770935 
S0(f, To multiply by 25 : Conceive ttoo ciphers 
to be added to the multiplicand^ and take one-fourth of the result. This 
is the same as multiplying by 100, and taking one-fourth of the 
product, which is done because 25 is one-fourth of 100. In like 
manner, because 125 is one-eighth of 1000; to multiply by 125: 
Conceive three ciphers to be added to the multiplicand, and take onC' 
eighth of the result. To multiply by 75 : Con- 
ceive two ciphers to be added to the mulUpH- 587 X 75 

candy and from the result take one-fourth of 14675 

itsey^. To multiply by 35 : Conceive two ci- 

phers to be added, take one-fourth, and set it so 44025 

that it may be added to the multiplicand, with 
\ one cipher annexed. In a similar manner, the 463 X 35 

product by 225 may be found from the pro- 11575 

duct by 125. To multiply by 175: Divide 

700 Hmes the multiplicand bv 4. To multiply 16205 

by 275 : Divide 1 lOO times the multiplicand ^4. 

To multiply by 9 : Conceive a cipher to be added to the mtdtipR- 
emnd, and from the result subtract the multiplicand; or, simply, c&n- 
etive a cipher to be added, and from each figure of the result take the 
mie before it. Thus, 5 from 10 and 5 remain : 

aad 7 aie8; 8 from 15, and 7 remain: I 6475X9 

and 4 lure 5; 5 firom 7, and 2 remain: 6 — 
AiQiQ l^ and 8 remain: carry 1 ; 1 from 6, 58275 
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and 5 remain. To multiply by 1 1 : Conceive a cipher to be annexed !• 
the mtUtipliamdf and to the result add the multiplicand; or, siuiply, cnft- 
eeive a cipher to be annexed to the multiplicand, 
and to each figure of the resuU add the one 6483 X 1 1 

tuhich immecUafelt/ precedes it. Thus, 3 and 

arc 3: 8 and 3 are II : carry 1 ; 1 and 4* are 71313 
5, and 8 are 13: 1 and 6 are 7, and 4 are 
U : 1 and 6 are 7. To midtiply by 99: Cow- 1438 X 09 

ceive two ciphers to be annexed to the midtipli" — 

iundy and from the result subtract tlie multipli- 142362 
cand; or, simply, conceive two ciphers to be 
annexed to the mtdtiplicand, and from each figure m the result sub 
tract the figure nearest it on the left side, except one. Thus, 8 from 
10, and a remain: 1 and 3 are 4; 4 from 10, and 6 remain: I and 
4 are 5; 5 from 8, and 3 remain: 1 from 3, and 2 remain: from 
4, and 4 remain: from 1, and 1 remains. To multiply by 101 : 
Conceive two ciphers to be annexed to the multipHcand, and to the re- 
sult add the multiplicand; or, simply, conceive 
two ciphers to be annexed to the multiplicand, 5938X101 

and to each figure of the result add the figure 

nearest it on £e left side^ except one, Tfius, 8 599738 
and are 8; 3 and are 3; 9 and 8 are 17; 
1 and 5 are 6, and 3 are 9 j and 59 are 59. In general, to mul- 
tiply by 9, 99, 999, &c. : To the multiplicand annex as many ciphers 
as there are 9*s, and from the result subtract the multiplicand: and 
to multiply by 11, 101, 1001, &c: To the multiplicand annex as 
many ciphers as there are digits in the multiplier, wanting one, and ta 
the restUt add the multiplicand. 

The principle on wnich these last rules depend, may be gene- 
ralized \\\ its application in the following manner: If the multiplier 
be a little less than 100, 1000, or any other number expressed by a 
unit with ciphers annexed, which number may be called the approxi- 
mate multiplier; or if it he a little greater than one of these numbers, 
lake the difference between it and whichever of them is nearest to it; 
in the former case, call t/tis difference Uie complement, in the tatter, 
the excess; then, to tlie muUiplicand annex as mmiy ciphers as tftere 
are in the approximate multiplier; and in the one case subtract from 
the result t/te product of tlie multiplicand and the complement; in the 
other, add to the result the product of the multipUcand and the excess,''^ 

« U M obvious that this rule will be principaOy useful, when the complement or ex. 
•esi doet not exceed IS. It may indeed be employed wtth considerable focility, when th« 
complement or exce»i is between 12 and 20, if the pupil have committed to memory the 
additional part of tti^ Multiplication Table giveti in the note in page 17, or l^ means of 
the method of multiplying by 13, H, &c. illustrated in the foUowmg 
example : Here, 7 times 9 are 63; carry 6; 7 times 2 are 14, and 6 7329x17 
are SO, and 9 (the following figure,) are 29 ; carry 2 : 7 tiroes 3 are 21, 17 

and S are 23, and 2, (the following figure,) are 25 ; carry 2 : 7 times ..—.-. 
7 are 49. ana 2 are 51, and 3 are 54; carry 6 : 7 times is 0, but 5 ISiSSNI 
atMi 7 are 12. It it obvious that we may multiply by aay auvubec U9 
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S8 



74953 X 989 
884483 



7936 xn2 
95232 



Thus, in the first of the annexed exam- 
ples, the complement is 11, and, there- 
fore, we multiply 74953 by 1 1, and set 
the product, and subtract in such a man- 
ner as if the upper line were 74953000. 74128517 
The remainder, 74128517, is the product 
required. In the second example, the 
excess is 12; therefore, the multiplicand 
is multiplied by 12, and the product set 
in such a manner as to be added to 888832 

7^3600. The sum is the product required. 

Another abbreviation, which may perhaps be more frequently 
useful than any of the above, consists in deriving a product from 
others already found; and in doing this, and indeed in all cases, it 
should be considered, that it is a matter of indifference hy winch 
figure of the 7nu/tij)lier we multiply firsts by whkk secondly ^ ^c, pi-o- 
vided we assig7i to the partial products their proper places. In the 
annexed example, where the multiplier is 
1(>8428, the product by 4 is first found ; this 
jjroduct is then multiplied by 7, to find 
the product by 28, because 26=4x7. 
The product tnUs found for 28 is then 
multiplied by 6, to find the product by 
168, because 168=28X6. The sum of 

these partial products, properly arranged, 

is the product required. Even when no 113495039372 
farther abbreviation can be employed, it 

sometimes renders the work less laborious to derive the product 
for a single digit from one found already : thus, the product by 6 
will be found by doubling the product by 3; the proauct by 8 is 4 
times the product by 2, &c. It is scarcely necessary to say, that 
when the same digit occurs twice, or oftener, in the multiplier, it 
is sufficient to multiply once by it, as the product thus found may 
be copied, when that digit recurs in the multiplier. 

To divide by 5 : Double the dwidendy and cut off the la^ figure of 
the result, the half of which figure vnll be the remainder. This is ob- 
viously nothing else than doubling the dividend, and dividing by 10. 
To divide by 15^ 35, 45, or 55: JOovble the dhidendy dwide the re- 
stdt by 30, 70, 90, or 1 10, respectively, and for the true remainder take 
half the remainder thusfovML To divide by 25 : Multiply hy^ cut off 
two figures from the result, and take one-fotarih of the number cx' 
pressed by tliemfor the remainder. To divide by 125: Multiply the 
dividend by Q, cut off three figures from the resuMy and take one-eighth 



673849 
168428 

2695396 

18867772 
if 13206632 



tween SO and SO, by multiplying by the units' figure, and adding pach (S^ < 
what is carried, twice the following figure of the muUipIIcaiid ; and Oik >■- 
be readily extended to numbers above ^, but the operatloo become* more i. 
and difficult. G3 



■nfl with 
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0^ the number expreaed by them for the remainder. To divide by 
75 : Multiply the dividend by 4, dvnde the product by 300, and for 
the true remainder take one-fourth of the remainder thta found. To 
divide by 175, 225, and 275: Multiply the dividend by 4, divide 
the result in tJte first case by 700, t» the second by 900, and in the 
third by 1 100, and take one-fourth of the. remainder, in each case, for 
the true remmnder. 

To divide by a numioer expressed by jiny number of 9's: Divide 
ttte dividend by the number expressed by a unity with as many ciphers 
annexed as there are figures in the divisor, divide the quotient t/ius 
found by the same number^ and thus proceed as long as possible; t/ien 
add together all the renudfiders and all the quotients, carrying from 
the sum of the remainders to the sum of the quotients, and adding also 
to the sum of the remainders what is carried to the quotients: the sums 
thus found will be the quotient and the remainder required. Should 
the remainder thus found be equal to the divisor, it is evident that 
there is really no remainder; but that the (jjuotient must be in- 
creased bj unity. The operation will be fecilitated by arranging 
the lines m the manner adopted in the 
annexed example. Here a vertical 6739284651-^-999 
line is drawn, cutting three figures 6739 284 

from the dividend; then 4, the last 5 739 

figure of the quotient, thus obtained, ^__ 5 

is set below the unit figure of the re- 5745029 679 
mainder, and the other figures are 1 

set in the corresponding places. The — — ggjj 
vertical line being continued, we have 

6739 fbr the second quotient, the unit figure of which is set in 
the units* place of the remainder, and the other figures as before; 
the third quotient, 5, beine set in the same manner, the lines are 
added together : the sum of the column of hundreds in the remain- 
der is 16, from which 1 is carried to the units' column of the quo- 
tients, and also added to the remainder, 679: the true quotient 
and remainder, therefore, are 5745029^ and 680* 

The second example, in which 3467^581 
is divided by 989, shows the mode of ge- 3467 581-^-989 . 

neralizing this principle. Here the com- 38 137 

plement, ("see page S2,J is (1000—989,) 418 

n, and the first quotient is 3467, which, 

instead of bein^ isimply set beneath the 3506 136 

given dividend, is multiplied by the com- 1 1 

plement, and the product is set >u; in the 

preceding example; we have then die quo- 147 

dent 38, which is multiplied, in like man- 
ner, by the complement, and the product (418,) set as before. 
In the addition, the sum of the hundreds' column of the remain- 
ders is II, from which one is carried to the quotient, and is also 
multiplied by the complement; the product dius found is also ad- 
ded to the remainder; hence^ the true quotient and remainder are 
3506 and 147. 
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The reason of these operations will be. 
understood from the following illustration. 8053 9S-^97 
The quotient by 100, in the annexed ex- 241 59 

ample, is 8053, and the remainder 93. 7 23 

Now, it is evident, that were this multipli- 21 

ed by 97, instead of 100, the product 
would be less than 805300 by 3 times 8053, 8302 96 
and therefore, 3 times 8053, or 24159, still 1 3 

remains to be divided by 97, and the quo^ 



tient to be added to 8503,the part of the uuo- 8303 99 
tient already found; this being divided by 97 

100, the quotient is 24- 1, and the reminder 
59; then, as before, were 241 multiplied by 
97 (100-— 3,) it is obvious that the product 

would be less than 24100 by 3 times 241 ; whence, the reason of 
multiplying 241 by 3 is evident: and thus the reason of all the 
similar multiplications is shown. The sum of the partial remain^ 
defsis 196, from which 1 is carried for 100, because 97 is con- 
tained once in 100, with the remainder 3; this remainder being 
annexed to 96, the other part of the reminder, the sum is 99, 
which exceedi^ig 97 by 2, one is added to the quotient. Hence, 
the true quotient and remainder are 8303, and 2. It is evident 
that for each hundred in the remainder, in the present example, 3, 
which is equal to the complement, must be added to the number 
expressed by the units and tens of the remainder; and hence the 
reason of completing the remainder by the product of the com- 
plement and tli number carried from the remainder to the quotient^ 

In long operations in Division, or 
i;i4ien the same divisor is to be fre- 73)341949853(4684244 

quently employed, ii is often ofadvan- 292* 

tage to form a table containing the seve^ 499 

rS products* of the dwiior and the nine 438 1,^^ 73 

di^* Thus, to divide 341949853 -gj^ 2..!l46 

by 73, let a table of the products of . ^^ 3!!!219 

73 be formed, as in the margin; then, ■- - 4.. ,292 

by looking in the table we find that ^^^ 5, ..365 

the nearest product below 341 is 292, ?iz^ 6!!!438 

the product by 4; we place 4, there- 178 7.,.5ii 

fore, in the quotient, and subtract 292 ^^ 8,.*584 

from 341; tne remainder is 49, to 325 9.1.657 

which 9 is brought down : we then 292 

see in the table that 438, the product 333 

for 6, is the nearest product below 293 

499 ; 6 is, therefore, put in the quo- "ZT" 

tient, and 438 subtracted from 499, &c. 



« In MuHiplication also, the multiplicand may be tabulated in like nianDr«r» when it 
Is t»t>e frequently used. The advantage, however, it not so great as in ti^vitVim. S^tob , 
a tiAle may be readily formed by successive additions of the multiplicand id tkieiDM ^ku ' 
and «f the dtvltor in the others ' * \ ^ '^^ ^ ^ 



S« ABBREVIATIONS IN DIVISION. 

In the article on Division, the method of dividing by the factom 
of the divisor, has been given. In most cases in which this me- 
thod is useful, the factors are readily discovered by any one who 
is well acquainted with the Multiplication Table. In scrnie cases, 
however, which may be of use, they are not so easily discovered ; 
and, besides, the discovering of the factCHrs of composite numbers 
is a problem of some interest in the theory of numbers, in frac- 
tions, &c. Hence, the following observations on this subject may 
be found useful. 

2 is a factor of every munber which ends in 0, or in any of the 
even* digits, 2, 4, 6, 8: thu$, 2 measures 226; for, since it mea- 
sures 10, anil consequently the multiples of 10^ it must measure 
220; and measuring 220 and 6, it must measure their sum. It 
may be proved in the same manner, that 5 is a measure of every 
number that ends in or 5. 3 is a measure of every number, the 
sum of whose digits is divisible by 3; and 9 is a measure of every 
number, the sum of whose digits is measured by 9. — (^See p. 20.^1 

A composite number, suppose 600, is decomposed into all its 

f)rime, or simple factors in the following manner : Divide by 2, 
the least prime number;) divide the quotient, 300, 
by 2, and the next quotient, 150, by -2, also; let 2 600 
the quotient, 75, which is not divisible by 2, be di- 2 300 
videa by 3, (the next prime number i) then the quo- 2 150 
tient, 25, which is not measured by 3, being divided 3 75 
by 5, (the prime number next in order,^ and the 5 25 
result by 5, we have the quotient 1, and the de- 5 5 
composition is completed; 600 being equal to the ] 

contmual product of 2, 2, 2, 3, 5, 5. If none of 
the prime numbers, 2, 3, 5, 7, 11, &c. measure the given number, 
it is prime. In this case it is unnecessary to carry the divison any 
farther, when the quotients begin to be less than tne divisors which 
produce them. The decomposition will be often facilftated by the 
remarks in the preceding paragraph : thus, 245 has evidently the fac- 
tor 5; and dividing by it, we have 49, the factors of which are 7 and 
7; and therefore the simple, or prime factors of 245 are 5, 7, and 7. 
Ha^ng found the simple divisors of a number, we may then«f 
find all the divisors which it admits. 

Thus, to resume the same number, 600, 12 2 2 3. 5 5 

let all its Simple factors, together with J i 4 8 S^ ' 5 25 
unity, (which is a divisorof every whole 6 iO 50 

number,) be set as in the margin; then 12 20 100 

«et unity as the first divisor, and, for the 24 40 200 

second, multiply it by 2, the second sim- 15 75 

pie divisor,and the result is 2 for another 30 150 

divisor. Then, the next simple factor 60 300 

being 2, wa multiply 1 and 2 (the divi- 120 600 

♦ TTfcn numbers are IhoKO which are divisible b^ S, without remainder; all oihcrt 

arc caiitnl odd nnvabcrs. ' 



jon already found,) bj it; the products are 2 and 4, the former 
of which is rejected, as it is the same as one already found. We 
next multiply the divisors, I, 2, and 4, by the next simple factor 
2, and reject the products 2 and 4, as they are the same as two 
divisors already found. The next divisor is 3, and by this the di- 
visors 1, 2,4, 8, are multiplied: the products, 3, 6, 12, 24, are 
other divisors. Proceeding thus with the two remaining factors, 
5 and 5, we find the divisors of 600 to be, I, 2, 3, 4, 5, 6, 8, 10, 
12, 15, 20, &c. being twenty-four in number; and these are the 
only divisors which it admits. 



TABLES OF MONEY, WEIGHTS, MEASURES, &c,* 

TABLE OF MONEY. 

2 farthings »...• =1 halfpenny 

2 halfpence, or 4 farthings » :=1 penny d.f 

12 pence =1 shilling »^,4,ot/ 

20 shillings :=1 pound £ 

21 shillings ^1 guine^]: 

Hence, a pound contains 240 pence, 480 halfpence, or 960 far- 
things; and a guinea, 252 pence. A half-guinea is 10/6. 

* Before the pu|^l prooeeda to Reiluctioa, the Compoand Rttle% fta he thouM be 
acquainted with the divitions of the money, weights, and measuret. which are most ge. 
neraliy used. The teacher will exercise his own judgment in determining which of the 
Tables here given should be committed to memory: perhaps the paru that are printed 
in the largest type may be sufficient, lite Tables fixed on for this parpose should be se- 
verally committed immediately before the pupil commences those parts at Reduction in 
which they ar^^ppecti^^ly employed i and when he commences the corresponding paru 
of the Comp<aH Rules, it will have a good effect to require him to revise them. 

f This character, and others similarly placed, in thi« and some of the following Tables, 
are u^M as abbreviations for the names that precede them. The marks of abbrevtaUoa 
are generally omitted, when they are sufficiently understood without explanation. 

Farthings were formerly denoted by q.i tmt now ^, annexed to pence, denotes a fisrtli. 
ing I, a hn\tptnnjt or 8 (Sirthinits; and |, three fkrthings^-^, j; d. and q. are the 
initial letters of the Latin words, libra, sotidus^ dtnarhis, and qttadransi which denote 
pomuit shilling, pennj^ and farthing, or quarter, respectively. The character / is «. 
eorruptitm of the ioog /, ariiing from rapidity hi making It 

X Othei coins (some of them mentioned chiefly In old authors,) are the groat, value 
4<l. ; the crown. St.', the noble, 6s. 8d, ; the angel, 10s.; the mark, or merk, 13$. id. -, 
tbe pistole, about 16$. lOd. ; the moidnre, S7s. 

The guinea (so called because the gold of which the first guineas were made, was 
procured from Guinea, In Africa) originally bore the figure of an elephant, as a i em. 
blem of the place from which the gold was brought It passed at first fbr ^. British ; 
Ihit, In consequence of a scarcity of go'd, it afterwards rose to 21s ^.: M « subsequent 
period it fell to its present value. 4^ guineas weigh a pounfl troy« and hence the 
wv^ht of each is a little more than 5 penny.weighti, 9 grains. Ihe pouUd is so called, 
because ancimtly the silver for It weighed a pound troy. 

to the yaar 18SS, the currency of Ireland was assliilwlnd to that of Oveot IlrltaiB. TUI 



ft TABLES 

TABLE OF TROY WEIGHT.* 

24 grains. =1 penny-weight, dwt 

90 penny-weights = 1 ounce, oz. 

12 ounces , = 1 pound... lb. 

Hence, an ounce contains 480 grains ; and a {>ound, 240 penny > 
weights, or 5760 grains. 

This weight was formerly used for weighing articles of every kind : 
it is now used in weighing gold, silver, jewels, and liquors; and in 
philosophical experiments. 

It is also employed by apothecaries in mixing their medicines, though 
they buy and sell tbem by aroirdupois weight. When troy weight it 
thus usedt it is called apothfcaries* weight ; but in this case the 
ounce (^ ) is divided into 8 dramSf ( 3 ) ^^ dram into 3 scruples, ('^) and 
the scruple into 20 gramu 

TABLE OF AVOIRDUPOIS WEIGHT. 

16 drams = 1 ounce, oz. 

16 ounce =zi pound, lb. 

26 pounds.... = 1 quarter of a hundred, q. or qr. 

4 quarters, or 112 tbs.. r=l hundred weight, cwt. or e. 

20 hundred8.T...| =:! ton 

Also^ 14 pounds .« =1 stone 

8 stone = 1 cwt. 

The hundred weight here mentioned is sometimes called the great 
hundred, or the standard hundred, to distinguish it from hundreds ot 
diff^nt magnitudes, which are used in particular places. One of the 
raost^general of these is the hng hundred, or the hundred in kng weight, 
which contains 120 pounds: hence. 
In Lang Weight, 30 pounds avoirdupois ... =1 quarter; 

4 quarters, or 1 20 puunds = 1 hundred weight. 
The use of this weight, however, is now illegal. 

5l 

that timt, though accounts t^cre kept In both countries in th« sunt denominations, the 
Iriih pounds, diillings, pcnoe» aikt fkrthinga, were of lets vaiue ihan Uiose of Hruaui, 
IS oC etdl ctaoomtnation io thatferrocr cnunuy being equivalent only to 18 of the 
^conrMponding denominatioB in Uie latter. Thus, Uie British iibilHng was equivalent ta 
IS fience Irish i aiul, while Uie guinea wa< Al 1 Britich, it was equivalent to ifil S 9 
Irlib. 

•» lYoy weight was introduced into Europe from Cairo in E^t, about the Uine o( 
the Cruiades, and was first adopted in Troyes, a city in France, where great ftirs were 
held, and whence it has its name. 

The weights and measure* used in the British Empire, as well'> as in almost all other 
places, were dcriveri originally from very imperfect standards. As the origin of weights, 
a grain of wheat was taken (torn the middle of the ear, and being well dried, was used 
as a weight, and called t^ its original name, a graht^ A weight equal to Sfi grains was 
called a ptTiAj^aif^gAI, frcMoa iu being the we^t of the silver penny then in currency. A 
weight equal to SO penny.weights, was called an o M n og ^— a woid of the same origin (the 
LaUn word, imcto,) and importasthe word ineht Meh signifying a tweiftk-part^ the one 
appropriated to dcnoU the twelfth part of a poui^d, and the other the twelfth part of a 
foot. At a later period the penny.weight came to be dirii!od, not into 32, but into 94 



TABLES. m 

Ths stone, in the greater number of places, is 14 pounds, which alone 
is the legal one; but in different parts of England it is of rarious mag- 
nitudes, from 8 to 16 pounds. In Ireland, aUo, in the sab of some 
articles, the stone of 1 6 pounds, or one-seventh of the standard hundred, 
b used.* .A ton of stones is 21 hundreds, fo^^ weight. 

TABLE OF LONG MEASURE. 



40 perches... -s:1 furlong 

8 furlongs..... =zl mile 

8 miles.. .••.« =1 league. 



12 lines = 1 inchf 

12 inches = 1 foot 

3 feet =1 yard 

5^ yards, = 1 perch;]: 

A fathom is 2 yards, or 6 feet; a hand, (used in measuring 
horses,) is 4* inches; a sp<m, 9 inches. 

From this Table, by an easy reduction, it will appear that a mite eon- 
tains 320 perches, 1760 yards, or 5260 feet. 

Till the year 1826, the perch in Ireland contained 7 yards instead of 
5^, so that 11 Irish miles were equivalent to 14 British ones, and the 
Irish mile contained 2240 yards, or 6720 feet 

TABLE OF CLOTH MEASURE. 

4 nails =1 quarter | 4 quarters ^••. =1 yard. 

A Flemish ell is 3 quarters of a yard; an English ell, 5 quarters, or a 
yard and a quarter; and a French ell, 6 quarters, or a yard and a half. 
Cloth measure is a species of long measure, and the yard h the yame 
in both. Hence, a quarter of a yard is 9 inches; and a nail, 3 inches 
and a quarter. 

TABLE OF SQUARE MEASURE, OR OF THE MEASURES 
OF SURFACES. 

144 square U inches =1 square foot 

9 square feet.... =1 square yard 

30^ square yards .......;..•••.... =rl square perch. 

' ~~~ / 

•qual parts ; each of which, howevei^ was osllad a grain, tboogb really a third part 

gvoater than the original grain. 

« In England, 14 pounds of wool=l stone, 2 stooesl tod, 6 Codi and a haltel wejr, 
fi weys=l sack, 12 8acks=l last : arid a pack of wooU=240 pounds. 

f 3 barleycorns make an inch. The barleycorn, however, is never employed now at 
a measure. Instead, also, of being divided into lines, the inch is now generally divided 
into tenths. 

X The perch is also sometimes called a pole or rod* Bach of the natbes given to this 
measure is expressire of the instrument by which It was OMasured— a rod, a pote^ or 
perehe^ a French word of the same import In some counties of England the perch it . 
6 jariU, in some 7 yards, and in others 8 yards. In CmMingham measure it t« 6^ yards ( 
In fored mauuret 8 yards: and in wood/and, or Bmleigh measure^ 6 yards. Nona of* 
these, however, is now legal. The yard is tald to have been taken firom the length of 
tBe arm of Henry I. of England, and eeems to be tha origin of long nieasura. 

D A Square is a figure which hat fb<^ equal tides, eaah perpendlcaUr to,tbe adjacent 
etMs. A tquare inch is a square each of whose sides Is au inch in length ; a sqmire pard^ 
a oquare, each of whose tides it a yard in length, Ac The labia of tquare maatuca tt 



i|9 TABLE& 

TABLE OF LAND MEASURE. 

40 square perches =:! rood | 4 roods =1 acre.* 

This is obviously a oontinuation of the Table of square measure. 

TABLE OF CUBICf OR SOLID MEASURE, OR OF THE 

MEASURES OF CAPACITY. 
1728 cubic inches . = I cubic foot | 27 cubic feet... .. = 1 cubic yard, 

LIQUID MEASURE. 

4 naggins, or gills..... =1 pint | 2 pints... =1 quart 

4 quarts, or 8 pints. :=! gallon4 

This is evidently, a species of cubic measure. 



fonned from the table of long meaMire, by multiplying eftcb lineal dimea8i<» by itadf ; 
thus, « square foot is=12xlS=144 square inches, &c. 

* la meatHiring laiHl« surveyors use a cAaiu, which is 4 perches in length, and is d.- 
Tided into 100 eqiul parU, called links. They also compute by chains and links, but ev 
Jbibit the result in acres, roods, and perches. 10 square chain«, or 100,000 square Iink% 
are an acre It may be observed, also, that 640 acres are a square mUe i and that a hide 
of land, mentioned by pid wi iters, is 100 acres. 

In Irish measure^ or, as it is often called, Irish piatUation measuret 64 acres are equi. 
valent to 49 acres in Forest tneasure ,* 6S5 to 784 in Cmmingham measure ; 36 to 49 in 
fVoodlandj or Burleigh measure i 121 to 196 in English Statute tneasure; and 1369 to 
J764 Scotch acres, '£hese nuroberi are found by multiplying each of the numbers ex. 
pressing the length of the perches, in the different kinds of measure, by itself. Thus, 
the £ngli>h perch l)eiiig 11 half yards, and the Irish 14 half yards, we have 121=11x11, 
and 196=14x14. Hence, to prevent a common mistake, it may be proper to remark, 
diat the difference in the comparative magnitudes of the acres is much greater than that 
of the perches or miles. The chain in Scotland, prior to 1826, was fixed at 74 feet and 
hence, the chain in Ireland being 84 fert, we find the equivalent numbers for Irish and 
Scotch acres, by multiplying the halves of 74 and 84, res^iectively, by themselves. 

From these principles the following Table is constructed, which is useftif in reducing 
Irish measure to any other. The first line shows the quantities equivalent to 1 Irish acr^ 
the second those equivalent to 10, &c. ; and by means of Compound Multiplication, and 
Compound Addition, the values of other numbers of acres may be readily found. Thus, 
for 729 Irish acres, add together 7 times the numbers in the third line, twice those in the 
second, and 9 times those in the first. It may be observed that, now, the only \egd 
measure is the English Statute measure * 



IJHsk, 


Forest. 


Cunningham, 


ScUeh. 


Wooittand. 


Snglith. 


a. 

1 

10 
100 
1000 


a. r. p.l»hs. 
03 2 5 
7225 
76 2 10 
755 2 20 


a. rip.lOau. 
110 7 
122 7 
125 1 SO 4 

1254 1 24 


a.r.pAOtts. 
116 2 

12 3 21 6 
128 3 16 5 
12882 5 1 


a. r. p.lOtht, 

1 1 17 8 

IS 2 17 8 

136 17 8 

1361 17 8 


a. r. p.Wiu. 

1 2 19 2 

16 31 7 

161 3 37 4 

1619 3 13 6 












> 



f A cube is a iSgure contained by six equal squares. (Dice afford a familiar instance 
of this figure.) A cttbic inch is a cube whose skies arc each a square inch ; a cubic foot, 
m cube whose sides are each a square foot, && It may be remarked, tluit 1728 U equal 
4e 12x12x12, and 27=3x3x3. 

t Ti:)t! English h^igsbcad, in wine measure, contains ^gallons ; the j^pe, 8 liogtrhoads. 



TABLES. 



TABLE OF DRY MEASURE. 



2 pints...... =:l quart 

2 quarts......... =:1 pottle 

'"ttn^ll ^'g*"- 

2 gallons.,. =1 peck 



*rXi =''-'^ 

8 bushels zzl quartet 

5 quarters ..••• = 1 wey 

2 weys, or 10 qrs..zzl last. 

This measure, which is another species of cubic measure, is used la 
measuring grain, seeds, and various kinds of dry articles. In many 
places, however, these are bought and sold by weight. 

TABLE OF TIME. 

60 seconds.; =r I minute 

60 minutes =1 hour 

24? hours ..••.••.•• ^Iday 

7 days .••.•.•..••« •••• zrl week 

52 weeks and 1 day, or 365 days z=l common yeftr 

52 weeks and 2 days, or 366 days..... =1 leap year. 

The year is divided into 12 portions, called ccdendar months^ the names 
of which are January, February, March, April, May, June, July, 
. August, September, October, November, December. Of these, April, 
June, September, and November, have 30 days each; and the rest, ex- 
cept February, have 31 days each. In leap years^ February has 29 
days; in common years, 28 days; f so that a leap year contains 366 days, 
and any other 365. The precise length of the year is found to be 36^ 
4ays, 5 hours, 48 minutes, 48 seconds: it is, therefore, 365 days, 6 
liours, nearly. 

•r 125 gallons ; and the tun, 8 pipes,jr 4 hogsheads, or S52 gallons. In the nseature of 
foreign wines, however, there are ^Rat varieties. ^ A tiorce 0be tbiid part of a p»|m) 
it 42 gallons, and a puncheon is 8 tierces, or 84 gallons. 

In beer n^aaure^ 9 gallons=l firkin ; S firkins, or 18 ga1Ions=l kilderkin ; 8 kilder. 
kins, or 96 gallonss:! barrel 54 gal1oiis=:l hog.«head ■ 8 hogsheads, or 108 gaIlons=:I butt 

The hogshead of ale, in London, contains 48 gallons ; the barrel, 38 ; the kilderkin, 
16; and the firkin, & 

In England, In the countrjr, both in ale and beer measure, the hogshead contains 51 
gallons : the banrel, 84 : the kilderkin, 17 ; the firkin,.834. 

• I.eap years occur at intervals of 4 years, and may be known by dividing by 4 the 
number expressed by the last two figures in the number of the year, according to the 
Oiristian era : if there be no remainder, it is leap year ; otherwise, the remauider shows 
how many years it is after leap year. To this there is one exception, as the exact cen» 
furies are not leap years, except when the number of centuries is divisible by 4, without 
remainder. Thus, the year 1880 was leap year, because 80 is divisible by 4 ■■ but 183S was 
the third year after leap year, because 3 remain when S3 is divided by 4, Also, the year 
£000 will be a leap year, but 1900 not, 8d 80 is divisible by 4, but 19 not. 

.'f Learners may easily remember the number of days contained in< each 'm<>nth, by 
raooUecting that the Month$ are long and skori aJtermtteljft with the exception of Apfi^Mt, 
«Uch b Umg, while the months after it follow the rule. 



.#.. 



49 TABLE& 

TABLE OF THE DIVISION OF THE CIRCLE. 

The circumference of every circle is supposed to be divided into 
360 equal parts, called degrees;* each degree is subdivided into 
60 equal parts, called minutes; and each miojite into 60 equal 
parts, called seconds. 

MISCELLANEOUS TABLE. 

12 articles =1 dozen ^ ^^^^ «, ioa — f ^ great, or 

12 dozen .... = 1 gross ^ **^°^ ""^ ^^^"-[lonehunArH 

20 articles r=l score 24 sheets of paper z=l quire 

6 score. = 1 hundred 20 quires .,... =1 ream. 



Ad Act of Parliament, already referred to, " for Ascertaining and 
Establishing Uniformity of Weighu and Measures," came into opera- 
tion in January, 1826. By this act« ''the standard yard of 1760/' in 
custody of the Clerk of the House of Commons, is to be the standard 
yard, when the temperature is at 62* of Fahrenheit's thermometer; and 
this is to be the origin of all other measures of length. The thirty-sixth 
part of this yard is an inch; and the length of a pendulum vibrating 
Kconds in the latitude of London is found to be 39*1393 such inches; 
that is, according to the notation of decimal fractions, 39 inches and 4 
1398 ten thousandths of another. This affords t|ie means of recovering 
the standard yard, should it be lost. 

It ia enacted, in like manner, that *'tbe Troy pound of 1 758," in custody^ 
of the same officer, shall continue to be the standard unit of weight; 
and, this pound containing 5760 grains, the avoirdupois shall contain 
7000 grains. Hence, 144 pounds avoirdupois are equivalent to 175 
pounds troy ; and 1 lb. avoirdupois is equal to 1 lb. 2 os. 11 dwts. 
16 grs. troy; but the ounce troy exceeds the ounce avoirdupois by 
42} grains. The weight of a cubic indJLof distilled water is 252*458 
grains troy, the barometer being at SO inches, and the thermometer at 
6e*; and thus there is a means of recovering the standard pound, if it 
should be lost. 

It is farther enacted, that the standard measure of capacity for all 
liquids, and for dry goods not measured by heaping, shall be a gallon 
Containing 10 pounds avoirdupois of distilled water In the same state 

• Degrees, nilnates, and leoonds are mnrked thus: «, ', ». Hence, the ezpreulon, 
410 £4^ 54^/, ic read, 41 degreet, 24 minutes, 54 seconds. The reason of these marks b«lng 
employed will appear evident from the consideration, that minutes and seconds ate 
Of ily abbreriated expressions for Jirst minutes, or minutes of thcJirH order, and secoit4 
minutes, or minutes of the second order; mimtiest in each instance, signifying «matf 
farU. It may be proper to remark, that the circuntfetence of a circle is the line which 
contains it ; ttiat atl straight lines drawn from the centre to the circumference are equal ; 
that any of the«e lines is called a radius s and that a line drawn through the centre, and 
terminated both ways by the circumference, is called a diamtter. It may be farther r*. 
marked, that second^, both in time and in the circle, were formerly dirided each into flO 
thirds, but that they are now divided into tenths or luandKedt, 



REDUCTION. 4S 

of the bftrometer and tbtrmometer. This gallon, therefore, contains 
277*274 cubic inches; and tiie bushel weighs 80 pounds, ai^d coiunins 
52^18*192 cubic inches. It is a curious coincidence, that the cube of 
one-sixth of the length of the seconds* pendulum is so nearly equal to 
the gallon, as to exceed it by only about three-tenths of an inch. 

In Heaped Measure, the diameter is to be at least double the depths 
and the height of the cone or heap is to be three-fourths of the depttk 
The measures are to be made cylindrical, with a plain and even bottom; 
and the outside of the measure is to be the extremity of the base of the 
pone. The internal capacity is to be the same as that of the conrespoiuU 
ing liquid measure. The bushel is to be the standard of this measimb 
and its diameter ia to be 19^ inches from outside to outside.* 



REDUCTION. 

When a given quantity is expressed in any denomina- 
tion, Reduction ^ows the method of expressing it in an- 
other. 

Reduction consists of two branches, or problems ; one in which 
quantities are reduced to a lower denomination ; the other in which they 
are reduced to a higher. The former is often called Reduction De« 
8CENDIN0, and the latter Reduction Ascending. In the former MtU- 
tipUcation is employed ; in the latter Dwision, according to the following 
rules: 

Prohem 1. To reduce a quantity to a lower denomination. 

Rule. — Multiply the number which expresses the quan- 
tity by the number which shows how many of the lower 
denomination make one of the higher; and if any part of 
the given quantity be already of the lower denomination, 
add to it the product. 

Problem 2. To reduce a quantity to a higher denomina- 
tion. 
♦ Rule. — Divide the number expressing the quantity, by 
the number which shows hoW many of the denomination 
in which it is, make one of the higher denomination : the 
quotient will be of the higher denomination, and if there 
be any remainder, it will be of the lower. 

When there are intermediate denominations between that 
ift which the quantity is given, and that to which it is to 



♦ It may be useful fbr the more advanced pu]ril to know, chat the oM French foot U 
1S*7898S English inches, or IS inches, 9| lines, nearly ; the toise, or fathom, or 6 Frett«h 
Itoet, 6 feet, 4786 inches, English, or 6 feet, 4 inches, 9 lines, nearly; and the inetce^ 
^570fi» or 1 yard, 8 inches, and 9 eighths, nearly. 



4^ REDUCTION, 

be reduced, it is generally better to reduce it by successive 
steps; first, to one or more of the intermediate "denomina- 
tions, and then to the required denomination. 

Methods of Proof, 

1, To the answer found by either of the preceding rules, apply 
the other rule, and if the result be the same as the given number, 
the work is cocrect * 

2. The operation may be proved by the methods of proving 
Multiplication or Division. 

The reasons of the rules will be explained iii the illustradont of th« 
examples. 

REDUCTION OF MONEY. 
Exam. 1. Reduce j659 to farthings. 

In this example the pounds are multi- 
plied by 20, to reduce them to shillings, 
because there are 20 shillings in each 
pound. The shillings, in like manner, 
are multiplied by 12, to reduce them to 
pence, and the pence by 4, to reduce 
them to farthings, because there are 12 
pence in each shilling, and-4(L4arthings in 
each penny. Hence, it appears, that in 
je59 there 1180 shillings, H160 pence, or 
56640 farthings. The operation is proved 
by dividing successively by 4, 12, and 20, 
the former multipliers, in a reversed order; and the work is cor 
rect, since the final iji^otient, ^659, is the same as the quantit} 
given in the question. 

Exam. 2. Reduce ^94 12«. 8^. to farthing. 

In this example in the £ s, d, ' 

" "' 94 12 8i 

20 4)9 0849 

1892 shillings 12)22 712^ 

. It 2l0) 'iSJISsI '. 



£ 
59 
20 

1180 shillings. 
12 

14160 pence. 

4 

4)56640 farthings. 
1 2)14160 pence. 
210) 11810 shillings. 
je59, proof. 



multiplication by 20, 12 
shillings are added to the 
product; in the multipli- 
cation by 12, 8 pence are 
added, and in the multipli- 
cation by 4, 1 hri^pg-is 
taken in. Hcnce^fthe an- 
swer i$ 90849 farthings. 



22712 pence 
4 



£9^ 12 8i,prooT 



90849 farthuigs. 
Exam. 3. Reduce 83918 farthings to pounds, &c, 
. In this example, the farthings are di- 
vided by 4, because in the same sum there 
are 4 times as many farthings as there are 
pence: for a similar reason, the pence 
are div^ed by 12, to reduce them to shil- 
lings, and the sl^illings thus found, by 20, 
*io reduce them to pounds. Hence, it ap- *• 

pears that 83918 ferfhings are equivalent £S7 8 'ii,-luf 



4) 83918 farthin rs. 
12) 20979^ 
2|0) 17418 3J. 
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to 80979 peace, with two farthings, or a halfpenny; to 1746 shil- 
lings, and 3 pence halfpenny ; or finaliy, to £87 H 3^. The ope- 
ration would be proved by reducing the answer to farthings, in the 
maaner exhibited in the foregoing example. By this means we 
should obtain 83918, which being the same as the given number 
of farthings, it follows that the answer is correct. 

Exercises, Answers^ 

1. Reduce £341 4 to pence 81844 

2. -...•..•.^ £97 17 3 J to halfpence 46975 

3. £783 2 sl to farthings 751789 

4. £481 to pence 115440 

5. .■,.„.-.„- 33333 pence to pounds £138 17 9 

6. £1023 16 to shillings 20476 

7. £1 13 15 3 to pence 27303 

8. .„^ £1 2 9 to pence 273 

9. . - 2300 pence to pounds £9 118 

10. , .. £1 9 3 to pence 351 

11 £463 19 7i to farthings 445428 

12, £1 14 li^to farthings 1638 

13. , . 95283 ^aSpence to pounds £198 10 1^ 

14. -.--....^.^^ £38 14 to pence 9288 

15. £133 6 8 to farthings 128000 " 

16. ...........^ £7853 19 11} to farthings 7539839 

17. .......,.,«.^ 47589 pence to pounds £198 5 9 

18. ,^^.^.^^ 1234567 farthings to pounds ••• £1286 1} 

19. ,,., ...,. £53 14 to farthings 51552 

20. ....,..-^^ 75396 shillings to pounds....^. £3769 16 
21. U/4 to pence 160 

^ 22 47474747 farthings to pounds... £49452 17 2} 

23. ............^ 348 guineas to pence 87696 

24. ^>. ^ 967 guineas to pounds*... £1015 7 

25. ,^.^ £497 12 8 to farthings 477728 

26. m,..,^ 69173 pence to guineas 274 gs. and 10/5 

27. «...,.,.«...^ £1000 to guineas4 952 gs. aad S/Q 

28. £371 14 10 to halfpence 1T«438 

29. ...„ ^■,.„.. 823903 farthings to guineas ..... $17 gs. and 7/7| 



« To reduce guineM to pounds, multiply tbem ty Stt the predact fs sh>niiit:^^ nhich 
reduce to pounds, To reduce pounds to guineas, reduce them to «hiHitigf» dlch^ i . ik 
|bo«e nbUllngs by ftL 



i '<f c'd£ 



■r 
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REDUCTION OF TROY WEIGHT. 
Exam. 4. Reduce 1 lb. 5 oz. 12 dwts. 13 graii)s» to gradot. 

fb oz. dwt gT8. 

In this example the multi- 1 5 18 13 
pliers are 12, 20, and 24, be- 12 

cause in each pound there — 24)8461' 

are 12 ounces, in each ounce 17 

20 penny-v^eights, in each 20 8|0}35|2 19 

penny-weight 24 grains; and — 

the 5 ounces, 12 penny- 352 12)17 12 13 

weights, and 13 grains, are 24 — ^ 

taken in, as in the former lb l\6 12 1^ 

exan^plea. 1421 Prbqf, 

704 4./ 

8461' grains, ifniv. 

Exam. 5. ^Reduce 111111 grains to pounds. 

In this example the grains are grains 

divided by 24, (or by 6 X 4,) and 6)1 1 1 1 1 1 

the result is 4629 penny-weights, 

15 grains; these penny-weights 4) 18518 3 

are again divided by 20, and the ' r— 

result is 231 oz. 9 dwts. 15 grs.; 2|0) 462|9 15* 

and these ounces being divided by —i*-* 

12, the final result is 19Ibs. 3 oz. 12)231 9 15 

9 dwts. 15 grs. the answer requir- 

ed. The operation would be prov- lbs. 19 3 9 15^ 

ed in the manner in which the last A?isw* 
example was wrought. 

t 

Exercua, Answen. 

SO. Reduce Iloz.I2dwt8.12grs.tograin8.5580 
31. ........i....^ 3 lbs. 7 OS. to penny-we^hts.860 

32. ■■■■^■■,..,, ■ 17B5 dwta. to pounds ,*7 Iba. 5 oz* 5 dwts. 

33* >^ ... , , 1783 grains to ounces ».,3 oz. !4 dwM. 9 gr&, 

34» -,^,,, » . H . 78539& graiiis to poundji .».*.. 136 tb&4o2,4dwt£,2^s. 
35. ..i, —..■.■■■ 29 pounds to graina ,„» IG7040 

— — L \ ^ 

« F(Jt \ht (J oUe of ttiKltni the tme itmilnster bene, »» p»gt 37, 
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REDUCTION OF AVOIRDUPOIS WWOHT. 

Exam. 6. Reduce 27 cwt. 2 qrs. 22 lbs. to pounds, 
cwt. qrs. 



In this example, the hun- 
dreds being multiplied by 4, 
the product is quart 3rs, be- 
cause there are 4 quarters 
in each hundred; and the 
quarters being multiplied by 
28, the product is pounds, 
because in each quarter there 
are 28 pounds. The odd 
quarters and pounds are 



27 

4 

110 

28 

902 

220 



lbs. 
22 



4)3102 
7) 775 2 
4) 110 22 
cwt. 27 ^ 22, 
prooC 



3102 pounds, AtutD, 



taken in, as the operation proceeds. 

Hundreds may be very easily reducecTto pounds by the following rule, 
derived from the principles explained in pages 32 and S3: 

Multiply the hundreds by 12, without writing the multir 
plier, and, as the work proceeds, take in the odd pounds' 
and 28 pounds if there be 1 quarter, 56 pounds if there be 
2, or 84 pounds if there be 3 : set the product below the 
hundreds, two places to t}ie right hand, and add the two 
lines together. 

Thus, in working the preceding example 
m this manner, 27 is multiplied by 12, and 
the product increased by 22 and 56, and the 
result, 402, being added to 2700, (which 
is evidently done in consequence of the 
way in which the numbers are set,) the sum, 3102 lbs. b the an- 
swer, the same as before. 



cwt. qrs. lbs. 
27 2 22 
402 56 
3102 pounds, Antt^, 



Exam. 7. Reduce 501241 pounds to tons. 



In this example, as in 
the proof of the last, the 
pounds are divided by 28, 
(or, which is equivalent, 
by 4, and the quotient by 
7,) to reduce them to quar- 
ters; the quarters by 4 to 
reduce them to hundreds; 
and the hundreds by 20 
to reduce them to tons. 
From the operation, it 
appears, that 591241 
pounds are equivalent to 
21115^ <p«. 21 lbs.; or to 



lbs. 
4)591241 



7)147810 1 



4) 21115 21 



2|0) 527|8 3 21 
2\ww263 18 3 21, 



263 
20 

5278 
4 

21115 
28 

I68g'tf 

42230 



18 3 21 



A^ lbs. 59 1241, profit 
5278 cwt. 3 qrs. 21 lbs.; or to 263 tons, 18 cwt. 3 qrs. 21 lbs. 
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36. Reduce 137 tons to hundreds 2740 

37...^.^..,., 47cwL Sqrs. 2^ lbs. to pounds .... 5372 

38 135 cwt; 3qrs. I libs, to pounds... 15215 

39 484. cWt. 14r. 20lb«5. to pounds ... 54256 

40 ™ 13lbsJ4oz. 5 drams, to drams ...* 3397 

41...-.-.^^35cwA 2qrs. 19lbs. to pounds ...3995 

42. ,^...., 313 cwt. Iqr. 25 lbs. to pounds ... 35109 

43. -«. 1 ton to ounces ', 35&40 

44., .214cwt. Sqrs. to poun^is 24052 

45. 94 cwt. Iqr. lllbs. to pounds .... 10567 ^-^ 

46 $9 tons, 11 cwt. 8 lbs. to ()qunds... 133400 

47, .. 573^6 pounds to hundreds ........ 512cw.t. Iq. J4lb8 

48. .- 57386 quarters to tons 717t. 6cwt. 2qriB. 

49. „„^573^6 drams to hundreds 2c. 2oz. 10 drams. 

50. 1000000 pounds to tons 446t. 8c. 2q. 81bs. 

51. .^^ — 1000000 ounces to hfindreds...... 558cwt. 0(|r. 4lbs. 

x52. ^ 38489 lbs. to cwt. lon^ mig^t.f.,.. 390$:Ay^. ^q^Vg^ibs. 

5^ « 40865 pounds to hundreds. 364rwt.;3q> >$lbs, 

54. .. 92950^pounds to tons... .- 41 1, 9c. i^. ISVbs, 

55. 238c. 2q. 10 lbs, long vft. to lbs* .28630 

56. »,.»i^*^ 783914 pounds to tons ..••.r...^... 349t. t9c. 281b^. 

^ Exam. 8* Reduce 53 miles, 3 furlongs, 12 perchesi 4 ^'iiKtls^ 

to yards. ^_ 

In this example, because the m. f. p. y. 

English perch contains 5 J yards, 53 3 12 4 

the perches are multiplied by 5, S 

and half of them taken, and the * — — 

4^ yards are added in with the 427 flirlongs. 

two results. It may be observ- 40; ' \ "^ ' : ■ \ 

ed, that if the last figure "be re- — ---- 

jected from the product by 5, 1709^ pefclbes. - • 

there will remain half the num- ; 5 J /; ' 

ber of peSrches^;' anct if tjie, ,\ , ,' ^ 

fietire r^er^ (I be 5/ it yk^\ be 85460 •- f 

half ^ Virl, or a. foot and a S546 '■ V^'. 

^ fialf, Tiii^j e^ifii^jfile would be - — - — . •, ;;; f 

proved ui th4* pu^ftvrtr fnt \\'hkh 9^010 vurdjjjjJif^^i'r ' / ; ■ 



k^ ^. ii liiitettiTfftii 
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Exam. 9. Reduce 231278 jards to miles* 
in this example, the yards 
are multiplied by 2, to re- 
duce them to half yards, and 
the result divided by 11, the 
half yards in a perch, to re- 
duce it to perches. The re- 
mainder is 6 half yards, or 3 
yards; and the answer is found 
to be 131 miles, 3 furlongs, 
10 perches, and 3 yards. — 
The proof would be perform- 
ed in the same manner in 
which the last example was 



Yards. 

231278 

2 

11)462356 half yards. 

4|0)4.205|a 6half>'ards,x>r3yd8. 

8)1051 10 perches. 

Miles 131 3 10 3, Aiaw. 



wrought. The pupil should be required to perform it. Had the 
remainder been 7 half yards, instead of 6, it would have been 
ei^uivalent to 3 yards, and 1 foot, 6 inches. Hence, instead of 3 
yards at the end of the answer, we should have had 3 yards, 1 foot, 
and 6 inches. 



Exercuet, 
57. Reduce 51 feet 4 inches to inches 

58.^ - - - 

60. _ 
61.^ 

63. ._ 
64. -« 
65. _ 
C6. -.. 
67. ._ 



.3 miles 3 furlongs to yards... 
. 94 miles, 1 fur. 6 per. to per. 

• 751823 feet to leagues 

« 758246 inches to miles ....... 

« 571 leagues 2 miles to miles 
« 5739 1 1 yards to miles ....«.., 

« 23456 feet to miles 

^ 25 miles and 34 per. to feet... 

. 1000000 inches to miles 

m 100 milee to inches •••..« 



Aruwert, 
610 
5940 
30126 

471. Im. 3f. 4p. 5y. 2f. 
lira. 7f. 29p. 2y. 2f. 8r 
.1715 

326m.0f.27p.2y.lf.6i. 
4m. 3f. 21 p. 2y. 3f. 6i. 
132561 

15m. 6f. 10p.2y,2f. 4i. 
6336000 



HEDUCTION OF CLOTH MEASURE." 

Exerciaes, Answers, 

68. Reduce 28 yards, 3 qrs. 2 nails to naiU»...462 

69. ^ 5247 nails to l^nglish ells „, rt^ .;.,,. 262 e. 1 q. 3 n. 

70 58 yards to na%. *..... .,.928 

71 285 nails to yards; 17 y. 3 q. 1 n. 

12, ^ 1241 Bn^hah ell^ 2 qrs. Snails, } 24831 

to naila > ^ * , ^ ; 

7 3 ^^ -t< 'H vur d H to English cl 1 a ..*...»... St4 «<J? if ' |fc*r¥* 

7 i. , .. 1360 Flemish elk tn yiir^lfi-.w^.UTa ,-- W^^" 
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Exercises, v Answers. 

75, Reduce 1123 English ells to French ells ...... 935e. 5q. 

76. -■■■■, „ 985321 inches to yards 27370 y. lin» 

REDUCTION OF SQUARE MEASURE. 
Exercises. Answers. 

77. Reduce 245 square perches to square inches ,. 9604980 

78. .^...m.^ 1325419 square inches to sq. yds. 1022y. 6f. 43 i. 

REDUCTION OF LAND MEASURE. 

A. R. p. 

37 3 12 
4 

151 rooda* 
Exam. 10. Reduce 37 acres, 40 

3 roods, 12 perches, to square ^— • 
yards. 6052 perches. 

30^ 



181560 
1513 



183073 yards, Antm, 
Exatn. II, Reduce 11 1111 square yards to acres. 

yards. 

mill 

4 



121- 



11)444444 qrs. of yards. 
I 11)40404 
4|0)367|3p. 11 qrs. or 2} yards. 

4)91r. 33p. 2}yard8. 
Answ. 22a. 3r. 33p. 2}yards. 

In this example, to find the acres, the yards are reduced to 
quarters, and divided by 121, the quarters in a perch, or 30^ yards. 
The remainder is 11 quarters of a yard, or 2 yards and 3 quarters. 

Exercises. Answers. 

79. Reduce 234 acres, 1 rood, 13 per. to per 37403 

80. ,,„„ 93827 perches to acres 586a. Ir. 27pb 
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Exerciset. Atmvert. 

81. Reduce eve^maifons. five hun^^^^^ | ^^,33^ „^ ^p 23^^ 

82. ..««..,.«.^ 256 acres^ 15 perches, to yds. , 1 239493| 

KEDUCTION OF TIME.* 
Reduce Exercises, Aruweru 

83. 17 days to minutes 24480 

94. 1 day, 4 hours, 12 seconds, to seconds.. 100812 

85. 12345678 seconds to days 142d.21h.21m.18s. 

86. 34652 hours to weeks 206 w. 1 d. 20 h. 

87. Eleven millions one hundred seconds to days... 127 d. 7 h. 35 m. 

31 days in May 

_8 
Exam. 12. How many days 23 May 

Bre there from the 8th of May 30 June 

tai the 23d of July Pf 23 July 

76 days, Amw, 

88. How many days are there from the 12th of August, 1817, 
till, the 24th of April, 1818 ? A^mv. 235. 

89. How many days are there from the 8th of January, 1816, 
till the 12th of December in the same year ? Aiisw, 339. 

90. How many days are there between the 17th of March, aud 
the 25th of December ?J Answ, 283. 

91. In the mint in London there are eight ccining presses, 
which, with a child to supply each, strike 19000 coins in an hour. 
Now, if these were employed 12 hours each day, for 313 days, in 
coining halfpence, what would be the number and the value of 
all the pieces coined diuring that \xaie? Answ, Number, 71364000; 
value, ^148675. 



« Reduction of cubic measure, of liquid measure, and of dry measure, is so en >\ 
after what has gone before, that il is unnecessary to give particular sets of exercises (or 
each Vind. 

+ This, and the similar questions which follow, though not strictly of the same kind 
as the others in Reduction, are inserted on account of tl>eir utility. 

t Questions of the following kind are frequently useful : 

1. If the 8th of August be on Saturday, on what day of the week will the Ist of 2)n. 
vember be ? 

The number of days between these dates is found to be 85, which being divided by 7, 
beccnnes Ifi weeks and 1 day j counting one day, therefore, after Saturday, we find thi.£ 
the first of November must be on Sunday. 

Q. If a common year begin on Friday, on what day will the 18th of June, the annivcr. 
sary of the battle of Waterloo, happen ? AnsuK Friday. 

S. The 9th of July, 18£4, was on Friday i on what day did the year commence. Ajunu, 
Oil Thursday. 

4. If R}e«p year commence on Wednesday, what day of September will bflr'^lic first 
Mondaf pf that month ? Answ. 7th. 

Here, let Ihe day be found on which September will cdinmcnce, and the rest is easf. 



.ii^a^-^A 
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92. The quantity of linen exported from Ireland to the United 
States in 1806, was two millions, six hundred and seventy-five 
thousand, six hundred and nineteen yards. How many miles in 
length was the whole? Aruw, 1520 ro. If. 36 p. ly. 

93. Required the amount of a collection of one halfpenny each, 
. from the inhabitants of the counties of Down and Antrim.— (iSor 

exercise 24;, page IL) Answ. £1248 6 10. 

94*. ''In tbe year 1815, Catharine Woods, of Dunmore, near 
Ballynahinch, then about thirteen years of age, spun a hank of 
linen yarn, of 12 ctds, each cut 120 threads, each thread two yards 
and a half, which weighed ten grains," being at the rate of 700 
hanks to the pound avoirdupois.* It is required to determine the 
•ength into which, at this rate, a pound of flax would have been 
extended.— <5^e Stuarfs **Histoncal Memoirs of the CUy <f Armagh,** 
page 4:24^.) Answ. 1431m. 6f. 21p. 4iy. 

95. In the salmon fishery on the Bann, near Coleraine, 320 tons 
of salmon were taken in 1760. How many stones of 14 pouoda, 
are in this quantity? Answ, 51200. 

96. The quantity of cotton wool imported into Ireland, in 181 1, 
was 53,133 cwts. of which 16,148 cwts. were exported. Required 
the number of pounds in each of these quantities, and in the quan- 
tity consumed m the country, i^nni^. 5950896 lbs.; 1808576 lbs.; 
and 4142320 lbs. 

97. Suppose one person to lie in bed nine hours each day at an 
average, and another only six hours and a half; and suppose the 
latter to employ the time thus gained in reading and study, for 
forty years; to how many years' study, of 12 hours each day, 
would the entire time gained be equivalent? Aitsw, 8 years, 12 1 day.s« 
8 hours. 

98. The whole surface of the terraqueous globe contains 
196,649,494 square miles; and of these, Europe is supposed to 
contain 4,456,065. Required the number of acres contained in 
each. Answ. 123855676160, and 2851881600. 

99. In what time would a body move from the earth to the 
moon, at the rate of thirty-one miles per day; the mean distance 
being 238,545 miles? Answ, 21 years, 30 days. 

100. In what time would a body, moving with the velocity of 
sound, pass from the earth to the sun, the distance being 95 mil- 
lions of miles? (See Ex. 57, page 22.) Antw, 14y. 27 d. 15 h. 
50m. 5iVs**o8. 



« For this extraordinary, and perhap« unequalled performance, a premium of fifteen 
guineas was awanled by the Linen Board of Ireland. 17| It* of nioh yam would cdfc. 
tain a thread more than equal to the drcumfereoce of the earth.— Sftwri'i Memoirs. 

The same year, another premium, of the came amount, wa« awarded to Elixabeth 
IfCance, of Ujc same neighbourhood, for having rpun a hank which weighed 18 gr^ina. 
and which was consequently at the rate of (7000 graina-hlS) 583 haoks and 4 cuta iu tk* 
pound. 
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101. In how long time would a cannon ball^ with the velocity 
of i960 feet per second, move from the sun to the Georgium 
Sidus? {See Ex. 25, page 5.) Antw. 154* years, 224 days, 5 hours, 
46min, 7^^sec. 

102. By the latest measurements, the earth's mean diameter is 
fouad to be 7911 miles and three quarters, nearly. How many 
yards, feet, and inches, are contained in it? Atuw. 13924!680 yds.*; 
41774040 feet; 501288480 in. 

103. In England there are 50,535 square miles; and in Wales, 
7425 such miles. Required the number of acres contained in both. 
Amw. 37,094,400. 

104. In the city of Pekin there are said to be seven bells, each 
weighing 120,000 lbs ; and in Moscow there is one bell which 
weighs 127,836 lbs.; another which weighs 288,000 lbs.; and a third 
which weighs 432,000 lbs. Required the weight of each in tons. 
Amw, 53 1. lie. 1 q. 20 lbs.;— 57 t. 1 c. 1 q. 16 lbs.;— 128 tile 
1 q. 20 lbs.;— and 192 1. 17 c. 16 lbs. 



COMPOUND ADDITION.* 

Rule. (1.) Arrange the given quantities so that those 
in each column may be of the same denomination. (2.) 
Add the numbers of the lowest denomination together; re- 
duce their sum to the next higher denomination; set the 
remainder below the column added, and carry the Quotient 
to the next, (3.) Proceed thus with all the otlier aenomi- 
nations, except the highest, which is to be added hi the 
same manner as numbers in Simple Addition. 

Either of the two first methods of proof g^ven in Simple Ad- 
dition, may be employed in Compound Addition. 

Exam. 1. 

In this example, the siun of the farthings 
is 14, which being divided by 4, the farthiogs 
in a penny, the quotient is 3 pence; and 
tl^ remain4er, 2 farthings, or a halfpenny, 
18 set down. The quotient, 3, is then ad- 
ded with the pence; the sum, 54, being di- 
vided by 12, the pence in a shilling, the 
quotient is 4 shillings^ with a remainder of 
6 pence, which b set down. The quotient, Sum, £599 9 



£. jr. 


(L 


39 18 


7- 


51 12 


4 


79 19 


10 


8 7 


11 


43 13 


9 


375 16 


lOf 



* For the deflnitioiu of the several Compound Rules, tee the eorrespocKHng Simple 
Rules, paget 6, 12, 16, and St. 

f The proof U left to exercise the learner ; and it will be proper to require him ut 
p9tfxum MU not only in this example, but in all the exercises in thi* niki 



i 

i 



^4 COMPOUND ADDITION. 

4, is then added with the units of the shillings: the sum is 30, of 
which the latter %ure is set down, and the tens being carried to 
the tens of the shillings, the sum is 8, which being divided by 2, 
because 2 tens, or 20 shillings^ make a pound, the quotient is i, 
which is added with the pounds, as in Simple Addition.* 

£. s. d. 

In this example the halfpence amount £xam» 2. 15 3 8| 
to 5, or 2 pence halQ3enny. In such ex- 31 16 l\ 

amples, where all the fractional parts are 94 13 8^ 

halfpence, it is esisier to call each a hal£> 55 12 \\\ 

penny, than 8 farthings. 37 11 9\ 

Sum, £234 18 9^ 

When the columns are very k>ng, the work becomes heavy and la- 
borious; and therefore, in such a case, the given quantities may be sepa- 
rated into two or more divisions, as is suggested in page 8. 

Exercises in Compound Addition 



1 


2 


3 


4 


£ i. d. 


£ t. d. 


£ s. d. 


£ *. d. 


485 12 7} 


3 14 8i 


413 13 lOi 


4 la 6i 


49 16 3i 


19 7i 


1245 10 9 


3 15 7} 


186 13 11} 


5 17 9J 


7085 15 11 J 


7 10 11. 


787 10 8i 


2 12 6 


8519 6 4^ 


1 12 9i 


239 9 9^ 


2 16 10^ 


3456 14 10 


2 8 7J 


843 11 44 


1 5 8i 


90 12 5J 


4 3 


374 16 7 


3 8 3 


69 15 2| 


■ 6 16 8| 


285 4 9} 


5 2 4i 


179b 18 Hi 


7 6 2 


599 19 8 


10 14 5i 


788 9 9 


9 15 lOJ 



5. Add together £59 12 7f, £95 14 2J, £345 5 94, £88 \e 
S}, £186 17 4i, £347 7 6, £3 2 9 J, £7 14 7 J, £52 8 6}. 
£59 3 4, £42 18 lOJ, £187 10 lO^i £954 16 5^. 

6. Add together £324 14 lOJ, £518 5 9J^ £39 15 6, £54 
11 lli^, £49 1 8hy £9 7 llj, £1000, £86 6 3J, £324, £79 
11 6 J, £5 13 9, £611 4 2^, £186 13 l^, £476 8 5. 









♦PENCE TABLE. 








4 


d.s. 


d. 


d, s. d. 


d, t. d. 


d. $. d. 


dL s. 


rf, 


d. s. 


d. 


12r^l 





40.-r5 4 


72=6 


100=8 4 


132=11 





160=13 


4> 


«0=1 


b 


48=4 


80=6 8 


108= 9 


. 140=11 


8 


16d--'14 





24=2 





5()=4 2 


84=:7 


110= 9 ft 


144=12 





170-14 


9 


a)=i{ 


6 


eo=6 


90=7 6 


120=10 


150=12 
156=13 


6- 


18b=15 





«fc=3 


U 


70=5 10 


96=8 


IdO^lO 10 





200=16 


8 



This Tabic has been inserted, lest some teachen sboold consider the want of it an ixn. 
pcrfectitm. It seems better, however, not to impoee upon the learner the labour of 
commiiting It to raeniory, except perhaps a small part at the beginning. If, instead of 
nsing it, lie divide the amowits of the pence in his operations by 12, he will soon 
acquire a readiness In thU species of Addition, whldi iHll be highly valuable ; and by 
practice be will soon make himself acquainted tvi^h the Table, witboufc formally com- 
mitting U* especially if his attention b9 occasiotuOIf «Kcted to the fut^iectby the teacbei^ 



COMPOUND ADDITION. 55 

7. Required the sum of ^21 lOJ, £73 18 9, £22 3 74, 
£64} 16 9, £19 18 IJ, £78 9 9, £16 9 10^, £250 9 6, £17 
12 7*, £54, 7i, £797 12 9, £1 14 1^, £60 5 9, £113 15, 
£170 12 6, £98 19 3. 

8. Add together one thousand and six pounds, fifteen shillings, 
and three farthings; three hundred pounds, seventeen shillings, 
and a halfpenny; four thousand and ninetv-six pounds, eight, shil- 
lings, and three farthings; seven thousand pounds, eighteen shil- 
lings, and eleven pence; two pounds, and three halQ)ence; five 
hundred and eleven pounds, and sixpence halfpenny; ei^^^-siz 
pounds; five hundred and eight pounds, seven shillings, and a 
farthing; five thousand pounds; two hundred and ninety pcmnds, 
ten shiUings; two hundred and nine pounds, and ten pence. 

' 9. Required the sum of £15 13 8^, £53 16 7}, £199 6 3j, 
£548 8, £458 8, £1 2 9, £2 5 6, £3 8 3, £1 14 U, £2 
16 10^, £3 19 7^, £180 18 8, £31 13 4}. 

10. Add together 15/8J, 13/10^, 16/6f, 19/3, 16/7^, 5/8^, 13/9, 
12/7i, 15/1}, 11/4J, 9/li, 10/9i, 17/4i, 18/4, 4/5^, 3/lt)}. 

11. £513 15 10|+^^ 2 10^+^133 17 3^+£548 13 8^ 
+£8 15 9^+£88 15 9i+£176 15 6}+£79 13 114-£5 
6^+£189 13 8i+£195 8 10i+£179 16 6+£348 17 9f+ 
£59. 

12. Add together £18 14 8J, £12 13 9^, £21 12 10, £32 
9 lOi, £63 13 9i, £16 4 8J, £35 14 9^, £17 16 7^, £23 16 
9^, £35 17 2^, £8 19 8, £12 10 0^, £13 8 8^, £17 18 4. 

13. Find the sum of one hundred and two pounds, and ten pence; 
fifty-ei^t pounds, and three farthings; forty pounds, seventeen 
shillings, and five pence halfipenny, nine pounos, fifteen shilluigs, 
and eleven pence; seventy-three pounds, twelve shillings; thirty- 
nine pounds, fourteen shillings, and afiirtfaing fifty-nine pounds; 
eighty-two pounds, and nine pence halfpenny; fifty pounds, and 
a penny. 

1*4. £918 12 7i-|-£51 16 8J+£519 14 4J+£83 16 10J+ 
£55 12 8|-f-£183 7 9-f-£188 18 2^+£375 12 3|-f-£491 11 
4|4-£318 15 9}-|-£780 10 4-|-£10 19 9}-f-£508 16 9+ 
£374. 19 5J-f-£348 6 8J. 

15. £459 16 11 +£583,11 lli+£15 14 8i+£191 14 8} 
.f-£99 13 6i+£195 12 6|-f-£17 18 4}+£473 18 0i+£18 
16 7J+£5 8 9J-|-£31 12 2i-f-£63 3 ll+£5 11 8+£l 2 
9+£1005 11 9. 

16. Add together £3 4 7f, £41 12 4, £186 17 9J, £3 8 
lOJ, £67 18 9i, £112 16 6}, £73 15 5^, £139 7 4> ^^1^ 
6 7J, £706 7 7i, £581 4 4}, £608 19 6J, £519 12 8^ £588 
6 11, £137 1 2i. 

17. Required the sum of £13 6 8, £88 14 7i, £175 16 4^, 
£1245 13 5}, £512 16 6, £91 12, £78 14 5, £475 |9 9f, 
£839 16 6}, £512 11 IJJ, £447 16 0}, £43» £74 7 l\,fm\ 
14 7i, £9 4 7}, £907 lb 6. £10 3 0}. i V 



56 COMPOUND ADDITION. 

18. Add together £118 16 10|, £514 4 11, £880 17 4|, 
£644 15 4^, £359 16 6, £346 3 lOj, £435 10 3^, £634 17 
6, £364 16 8^, £463 14 8, £643 16 2^, £5 13 9, £3018 15 
6, £998 4 10^, £580 6^, 14/9^, £533 16 7|, £85 18 9^, 
£375 15 8, £90 14 8}, £187 16 6, £57 3 11^, £348 6 10, 
£4048 14 9}, £798 16 5, £8 15 6, £89 19 8}, £175 18 8^, 
£311 17 10|, £73 14 9}, £864 13 7^, £364 14 10, £819 14 
3|, £59 17 8, £1044 5 8f . 



In this example the sums of the pounds, 
quarters, and hundreds, are respectiyely di- 
vided by 28, 4, and 20, the remainders set 
below their respective columns,^ and the 
quotients carried to the next colunms, res- 
pectively. The hundreds may be added as 



Exam. 3, 

iont. cuft. q. 

35 16 

14 

9 

18 



42 
18 
17 
31 
45 



12 



18 
16 

7 
19 

5 



ng the same in 


both cases. 


Sum, 191 17 2 1 


Kx. 19. 


20. 


21. 


22. 


cwi. grs. lbs. 


Ih, oz, drs. 


/. ctuL qrs. 


Ibt. oz. 


53 2 12 


16 12 13 


75 13 1 


7 11 


17 1 15 


5 15 3 


83 17 2 


53 14 


16 3 19 


12 12 5. 


17 8 


47 10 


19 18 


3 11 9 


16 16 1 


86 9 


25 , 3 18 


19 1 11 


61 15 2 


94 7 


48 3 6 


14. 4 8 


39 9 3 


29 3 


42 2 7 


24 7 14 


88 7 3 


42 10 



23. Add together 55 c 3 q. 18 lbs.; 34 c 2 q. 22 lbs.; 63 c. 1 q. 
23 lbs.; 71 c. q. 19 Ibb.; 16 c. 3 q. 20 Ibs.^ 3 c. 3 q. 26 lbs.; 27 c 

2 q, 23 lbs.; 41 c. 3 q. 9 lbs.; 35 c. 1 q. 18 lbs.; 43 c. 2 q. 24 lbs.; 
95 c. q. 10 lbs.; 29 c 2 q. 17 lbs.; 32 c 2 q.; 59 c 3 q. 24 Ibs^ 
43 c 1 q. 21 lbs.; 37 c. 3 q. 1 lb. 

24. Add together 17 c 2 q. 17 lbs.; 22 c. 1 q. 27 lbs.; 55 c 3 q. 
19 lbs.; 13 c. 1 q. 15 lbs.; 73 c. 2 q. 13 lbs.; 88 c. 2 q.; 48 c q 
23 lbs.; 32 c. 3 q. 19 lbs.; 52 c. 2 q. 22 lbs.; 43 c. 3 q. 20 lbs.; 
53 c. 1 q. 18 lbs.; 31 c. 2 a. 26 lbs.; 45 c. 1 q. 14 lbs.; 36 c. 3 q. 

25. Required the sum ot 2 lbs. 3 oz.; 10 11^. 5 07.; 1 lb. 14 oz.; 

3 lbs. 13 oz.; 5 lbs.; 7 lbs. 7 oz.; 8 lbs. 12 oz.; 7 lbs. 15 oz.) 31bs. 
6 oz.; 1 lb. 11 oz.; 12 lbs. 10 oz. 

26. Required the sum of 58 tons, 12 c 3 q. 21 lbs.; 32 1. 11 c 

2 q. 20 lbs.; 19 t. 15 c. 1 q. 12 lbs.; 17 t. 17 c. q. 17 lbs.; 5 t. 

3 c 1 q. 25 lbs.; 73 t. 15 c. 1 q. 12 lbs.; 98 t 16 c. 2 q. 22 lbs.; 
35 t, 16 c. 3 q. 19 lbs.; 16 1. 14 c. 2 q. 16 lbs.; 70 1. 13 c. 1 q. 24 lbs. 

27. Add together the following quantities, in long weight: 57 e. 
3 q. 11 lbs.; 39 c 3 q. 26 lbs.; 51 c. 3 q. 18 lbs.; 26 c. 2 q. 24 lbs.; 
«7<v 1 q. 18 lbs.; 18 c. 2 q. 21 lbs ; 132 c. 2 q. 13 lbs.; 73 c. 3q. 



£ t. 


d. 


183,343 4 





106,818 16 


1 


89,948 11 


11 


248,762 2 


6 


106,671 18 


6 


184,180 18 


6 


223,034 5 


9 


209,404 6 


2 


309,525 9 


9 


191,413 3 


6 



COMPOUND ADDITION 57 

28. Add together 13 acres, 3 roods, 27 perches; 45 a. 1 r. 2^1 
p.; 63 a. 2 r. 17 p.; 26 a. 2 r. 26 p.; 16 a. 3 r. 34 p.; 21 a. r, 
8 p.; 55 a. 2 r. 31 p.; 37 a. 2 r. 18 p.; 44 a. 2 r. 20 p.; 57 a. r. 
19 p.; 61 a. 3 r. 18 p.; 39 a. 2 r.; 5 a. 1 r. 30 p.;. 27 a. 2 r. 14 p.* 

29. 19 a. 2 r. 28 p.; 10 a. r. 20 p.; 11 a. 3 r. 16 p.j 19 a. 2 t. 
18 p.; 14 a. 2 r. 25 p.; 17 a. 3 r. 22 p.; 15 a. 2 r. 19 p.; 4 a. 3 r. 
27 p.; 24 a. 2 r. 24 p.; 149 a. 1 r. 14 p.; 719 a. 2 r. 16 p.; 107 a. 

1 r. 23 p.; 149 a. 2 r. 17 p.; 6 a. 3 r. 15 p.f 

30. The following are the quantities and values of the linen ex- 
ported from Ireland to America in the undermentioned years: — 
required the ^ue of the whole, and the number of miles con- 
tained in the entire number of yards: 

Yardjf. 

In 1798, ... 2,361,483 

1799, ... 1,376,382 

1800, ... 1,156,467 

1801, ... 2,519,575 

1802, ... 1,089,223 

1803, ... 1,873,423 

1804, ... 2,258,176 

1805, ... 2,221,606 

1806, ... 2,675,619 

1807, ... 1,657,446 

Jmw. Value, £lfio3,\0'4 16 8; length, 10903 m. Of. 21 p. 4|y. 

31. The amount of the duties paid on goods imported into Li- 
merick in 1764, was jei9,869 15 9; in 1765, ^21,332 4 8; in 
1766, £16,729 8 2; in 1767, £16,316 lOj in 1768, £16,571 12 
8; in 1769, £20,237 12 7; in 1770, £22,138 4; in 1771, 
£30,213 12 6; in 1772, £22,003 2 0; in 1773, £20,606 15 7; 
in 1774^ £17,317 9; in 1775, £16,979 10 6. What was the 
entire amount during these twelve years ? Answ, £230,315 5 6. 

32. The following are the several quantities of land, in English 
measure, contained in the Royal Forests in En^and: New Forest, 
66,942 a. 3 r. 26 p.; Dean Forest, 23,015 a. 3 r. 29 p.; Aliceholt 
and Woohner, 8,694 a. 1 r. 31 p.; Whittlewood, 4,850 a. 3 r. 32 p.; 
Whichwood, 3,709 a. 3 r. 5 p. ; Waltham, 3,278 a. 3 r. 2 p. ; Salcey, 
1,847 a. r. 23 p.; Sherwood, 1,466 a. 3 r.lO p.; Bere, 926 a. 

2 r. 13 p.; Rockingham, 860 a. 3 r. 23 p. Required tiie sum. 
Jruw. 115594 a. r. 34 p; 

* The unite of perches may bo added as in Simple Addition, and the turn of the tens 
divided by 4, the tens in 40i In like manner the units of minutes, seconds, thirds, &c 
may be added as In Simple Addition, and the sum of the tens divided by 6, the tens in 60. 

f Several parte of Compound Addition usuallf delivered in books on Arithmetic, are 
omitted, as thef are in general of no use; and If they shouM at any time be required, 
they can be performed without diiBeulty by the application of the smm principles on 
wh ioh the others depend. 

D2 



/ 



COMPOUND SUBTRACTION. 

Rule. (1.) Place the less number below the greater,* so 
that the numbers in each column may be of the same de- 
nomination. (2.) Then, beginning with the lowest deno- 
mination, subtract, if possible, each number in the lower 
line from tliat which stands above it. (3.) But when this 
cannot be done, subtract the number in the lower line from 
a unit of the next higher denomination ; to the remainder 
add the upper number, for the true remainder, and carry 
one to the next higher number in the lower" line. {4.) Pro- 
ceed thus with all the denominations, except the highest, 
in which the work is to be performed as in Simple Sij£ trac- 
tion. 

£ t, d. 
Exam. 1. From ^33 17 10} 33 17 10} 

take ^18 8 "4^. 18 8 4| 

£\5 9 6|, Amw, 

Exam. 2. Required tiie difference betwe^ j£159 9 4^ and 

£S(} 17 8i. . 

In this example, as a halfpenny is greater £ s, d. 

than a farthing, it is taken from a penny, and 159 9 4^ 
the remainder being added to the farthing, 86 17 8| 

the sum, three farthings, is set down; a pen- 

ny is then carried to 8 pence, and the sum £12 11 l^^Ans, 
being taken from one 'shilling, the remainder 
3 is added to 4 pence, and the amoimt set down. We then 
proceed thus: 1 and 7 are. 8; 8 from 9 and 1 remains; 1 from 2, 
(the tens' figure in the shillings in a pound,) and 1 remains; I and 
6 are 7; 7 from 9 and 2 remain, &c. 

Exercises in Compound Subtraction. 







£ i. d. 




£ *. 


d. 


.1. 


From 


19 3 10 


take 


8 15 


3} 


2. 




575 15 1^ 




124 13 


4 


3. 




192 11 4 




88 16 


H 


4. 




511 3 2 




247 10 


6 


5. 




12 4 9 




5 2 


4 



« It is more usual, and genenilj more convenieDt, to set the less number Mow the 
greater, in Subtioction : it is by no means essential, however ; and the pupil should lie 
accuEi;>med, both in Simple and Compound Subtraction, to subtract dotomoarH as well 
as ttptvard^ that he may be able to do so, when it may haj^n in complex operations, 
tliat the numbers are so arranged. 

The incth'<dx of proof, and the principles on which the operations depend, are the 
same n« in Sin>ple Subtraction. 



COMPOUND MULTIPLICATION. 3 

£ s. d, £ s. d. 

Ex. 6. From 100 take 1 2 9 

7. 613 6 8i 188 17 4} 

8. 1516 19 2} 84.7 12 9 J 

ci&t, q, lbs* ctut, q, ibs* 

£x. 9. From 13 3 20 take 9 2 12 

10, 23 1 5 17 3 22 

11. ..-.•^ 105 79 1 13 

tons. cvoU q. lbs. tons, ctut^ q. lbs. 

Ex. 12. From 15 7 24 take 5 12 1 )0 
days. h. mm. sec. days, h. vdn. sec. 

E$, 13. From 5 10 27 15 take 2 4 13 29 

14. 83 17 3 59 7 12 30 

15* The latitude of Rome, (St. Peter^s,) is 41^ 53' 54" North 
of Paris, (Observatory of the Military School,) 48° 51' 6" N. 
of London, (St. Paul's,) 51^ 30' 49" N.; of Dublin, 53P 21' N. 
of Edinburgh, (Observatory,) 5A° 57' 57" N.; and of Petersburg, 
. 590 56' 28" N. Required the difference of latitude of the first 
and second, second and third, &c. of these capitals. 

16. The latitude of Gibraltar is 36° 6' 30" N. and that of the 
North Cape in Lapland, 71° 10' N. Required the difference. 

17. The latitude of the Cape of Good Hope is 33° 55' 15" S. 
and that of Cape Horn, 55^ 58' 30" S. Required their difference. 

18. The latitudes of Belfast and Glasgow, are 54° 36' N. and 
550 51' 32" N. respectively. Required their difference. 

19. The following are the times in which the principal planets 
peribrm their revolutions about the sun; required the differences 
of the first and second, of the second and third, &c. : — 



Days. h. m. 

Maxury,.^ 87 23 16 

Venus,. -. 224 16 49 

Earth, 365 6 9 

Mars,.,...^ 686 23 SI 



^ Days. k. m. 

Jupiter, 4332 14 27 

Saturn, 10759 J 51 



COMPOUND MULTIPLICATION. 

Problem I. To mtdtiply a ntmber of more deiiominations 
than onet by a number not exceeding 12.* 

Rule. Commencing with the lowest denomination, mul- 
tiply successively the several numbers. in the multiplicand 
\>y the multiplier, dividing, setting down, and carrying as 
m Compound Addition. 

* Otnot exeeeding 19, if the learner have committed to memory the supplement to the 
Muttiylication Tal>le, page 17. The same circumstance wiU atoo modify the succeedins 
p oolcro^ in a similar manner.' 



£ t. 


d. 


Ex.1. 3 14 


nx2 


2. 1 17 


B: X3 


3. 18 


11 X4 


4. 1 10 


4 Xo 



£ s. d, 
9. 15 lOiXlO 

10. 9 7 8 xn 

11. 3 19 7^X12 

12. 1 16 7 X'i2 



So COMPOUND MULTIPLlCATIO». 

Exam. 1. Multiply i: I 14 7 J by 9. 
In this examplfi f he farthings, pence* and £ t. d, 
shillings are multijUiediuccessively by 9; the 1 14 7} 

product.i» as they are found, are respectively 9 

divided by 4, 12^ 20, (or the tens of the sbil- '■ 

Ungs by 2;) the several remainders are writ- ^15 11 9} 
ten down, and the quotients carried. The 
pounds are mulUplieu as in Simple Multiplication; and the pro- 
duct is found to be ^ id 1 1 9}. 

Exercises in Compound Mtdtiplication. 

£ s. d, 

5. 3 15 10iX6 

6. 1 2 9 X7 

7. 2 18 9X8 

8. 6 13 4X9 

Problem 2. To multiply by a number Ufkich exceeds IS, but 
is the product of two or morejactorsy each less than 13.* 

Rule. (I.) By the preceding problem, multiply the given . 
multiplicand by one cf the factors. (2.) Multiply the result 
by another. (3.) Multiply this last result by anotiier, if there 
be so many ; and thus proceed, whatever is their number. 
Exam. 2. MuiUply 18/3^ by 42. 

in this example the multiplicand is 
multiplied by 6, and the product is £5 
9 7 J. This again is multiplied by 7 
ana the product is £38 7 4|. Tht rea- 
son of tue operation is «uiliciently obvi- 
ous, since 42 i& the product of 6 and 7. 
The work might be proved by multi- 
plying the multiplicand oy 7, and the X38 7 4^ 
result by 6. 

When the multiplicand contaios one or mor» farthings, if one of ^e 
factors be eifen, it is better to use it first, as the farthings may thus dis- 
ap\)ear, and the rest of the work be easiei. But if Uie multiplicand 
end in even pence» without far&ings, and one of tlie factors be 3, iS, 
or 9> it is better to use that factor first, as the pence may thus ilisa|>- 
petir: and in all coses in mulUpHcation of money, 
when 12 is one of the factors, it should be used £l 13 7^ 
first, as part of the operation may be performed by 12 

inspection, by setting down s peace for each farth' » 

ing, and carrying to the shillings 1 for every penny £20 3 S 
iti tlie multiplicand., Thus, in multiplying £l 13^^^ 
l\t ^J 12, set down 3 pence, and carry 7 to the stdilkigs, saying, t9 
dnnes 3 are 3^ and 7 are 4S»^€. 



£ 1. 
18 


d. 

H 

6 


5 9 


74 

7 



« Fnr the method of fi.iding the facturt in Hip more difficult casM, see pa^e :>6L 
inw^^ tai^ev^, will mou learn to diid tliev bjp tu.>iiectioa, in ail usefat «a!iei. 



COMPOUND MULTIPLICATION. 6P 

Exercises, Answers, 

£ s, d^ £ g, d. 

Ex.13. 1 17 9iX 14 26 9 1 

14. 13 4|x 15 10 7i 

15. 2 Six 16 2 3 4 

16. 3 14 0\x 18 66 12 4J 

17. 1 5 3 X 21 26 10 3 

18. 14 1 X 22 15 9 10 

19. 13 2 X 24 15 16 

80. 6 IIJX 25 8 14 5J 

21. 12 7jx 27 ^ 17 3J 

22. 2 1 OiX 30 61 11 3 

23. 2 15 5 X 32 88 13 4 

24. 1 16 e^X 33 60 5 2^ 

25. 1 19 4 X 36 70 16 

26. 8 6^X40 17. 1 8 

47. Ill 3 X 42 65 12 6 

28. 2 2 6JX 44 93 11 10 

89. 8 4iX 45 18 16 10} 

30. 2 12 lO^X 48 ^ 126 18 

3L 16 4|x49„ 40 3 4J 

32. 3 1 3|x 55 168 12 2^ 

33. 3 lOjx 56 10 15 10 

34. 6 UtX 60 20 16 3 

35. 2 10 5 X 63 158 16 3 

36. 1 14 4 X 6'i 113 6 

87. 4 54X72 15 19 6 

38. 1 6 9|x SI) ..107 5 

39. 5 Six 81 21 6 11^ 

40. 1 6 7 X H4..... Ill 13 

41. 4 9iX y^ .....i..;.-. 355^7 10 

42. 1 10 8 X 90%. mlhk^ ^ 

43. 1 15 UJX 9(i ,l^^m i> 

44j^ 8 7|x 9<> 42 15 Hi 

45. I 17 2 XlOO 185 16 b 

46. 16 llfXI08 91 11 6 

47. 18 XllO 103 2 6 

48. 4 8^X120 28 2 6 - 

49. 2 19 6X121/ 359 19 6 

50. 116 7JX132 24114 6 

51. 2 19 2ixl44.. 426 3 

52. 1 12 5 X*75 121 11 :i 

53. 118 8JX112 216 17 8 

54. 14 2}X128 91 1 4 

* In this and eM:h of the six following exercises, the multiplier is tfie product of 

Mr<v factors; 75 belng=::Sx5x5 ; 118=8x2x7, or 4x4x7 ; 128=8x8x2, or 4x*X8i 
frc. To «»k« naiHMr, 140aSx7xlO} l»i=lSx4x4i 210=12x2x10; 172$=iSx 12x12. 



COMPOUND MULTIPLICATION. 

Exercueu Atuwcfm^ 

£ s. d, £ $: d. 

Ex, 55. 1 2 7^X147 * 166 2 9} 

56. 11 4JX168 95 11 

57. 1 re 8 X175 ^320 16 8 

58. 2 15 2^X1^6 ^. .,540 16 9 

^roblem 3. To muttiply by a number which exceeds 12 but 
ot produced by factors below 13. 

luLE. (1.) Use those factors whose product is nearly 
al to the multiplier. (2.) Increase or diminish the re- 
;, as the case may require, by the product of the raulti- 
and and the difference between the multiplier and tlie 
duct of the factors employed. 

Exam. 3. Multiply U/\0^ by 38. £ s. d, 
1 this example, 38 not being the pro- H 10^ 
t of any two factors not exceeding 12, 12 

multiply by 36, as before, and to the s 18 6, prod, by 12. 
luct we add twice the multiplicand, 3 ^ 

nd Ihe product by 38. The answer oT-rr — ^ 
id have been obtained with nearly the '^, . ^ ^ — ^^• 

e facility, had we multiplied by 40, J xL3 ••* _r 

; 10,) and subtracted twice the mul- ^'^^ 5 3, .- 38* 

cand; and thus the operation might 

►roved. 

Exam. 4. Multiply £1 4 10 by 61. £ s. d. 
he iteration iii this, example is con- 1 4 10 
ted byjtaking in the multiplicand, in 12 

multiplication by 5. - This contiuc- 14, ig 0,prod.byl2. 

may always be employed when he 5 

luct of the factors is one less t an the -^7 5 14 in a i 

tiplier. A similar contraction might * .... 

mployed, though not with the same 
ity, when the excess is 2, 3, &c 

Exam. 5. Multiply £2 7 ^ by 79. 

1 this example it is better to find the £ i* d, 

luct by 80, and subtract the multipli- 2 7 SJ 

I from it, than to multiply by 77, and 8 

twice the multiplicand to the product, 

I the one way tnere is one mmtiplica- 19 1 8, prod, by S. 

fewer than in the other. A like con- 10 

don may be apf)Iied with advantage ^ — 

very case in which factors can be 190 16 8, ... ,80. 

d, whose product is ontf more than . 2 7 8^,tobea(ubtr. 

given multiplier, while factors can- — — — — 
be found whose product is only ore ^6188 8 i 1 J, prod.by t^: 
than it. 



i Ex. 69. 


^ 60. 


I 61. 


\ 62. 


^i. 


64. 


' 65. 


60. 


N 67. 


V 68. 


\ . 69. 
\ 70. 

r 71. 


72. 

' 73. 


74.. 
75. 


\ 76. 


; 77. 


f 78. 


79. 


80. 


81. 


\ 82. 


^ 83. 


84. 


: 83. 


I 86. 


87, 


t 88. 


89. 


90. 


91. 


* 92. 



COMPOUND MULTIPLICATION. CS 

Exercises. Aimvcn, 

£ s. (L £ s. d. 

5 3 2 X 13 67 J 2 

2 8 7JX 23 55 18 10^ 

I 10 1 X 29 43 \2 5 

17 3iX 31 26 IG Oh 

11 3|x 39 22 1 2i 

18 8 X 46 ...., 42 18 8 , 

1 U OiX 47 72 17 II I 

-2 6 5 X 52 120 13 8 

13 OiX 53..... 34 10 1^ 

2 5 4 X 58 131 9 4 

1 12 liX 65.. 104 6 9i 

19 9jX 68..... 67 7 3 

12 8iX 69 43 16 lOJ 

3 7 U X 76 258 1 8 

10 9JX 78 ...M 81 1 9 

14 5 X 82 59 2 2 

1 13 6 X 89 ., 149 16 

1 3 2JX 91 105 13 lOi 

1 16 4 X 94 170 15^ 4 

2 2 UiX 95 203 19 0} 

3 9 7 X 98 340 19 2 

15 GJX103 80 214 

Oil 4.VX104.. 59 3 

110 6|X105 160 4 8i 

2 5 10X111 254 7 6 

8 15 3JX117 440 11 6J 

3 17 8JX122.... 474 2 ll| 

2 t3 liX 125 331 18 OJ 

110 8X130 19<) 6 8 

6 9|X139 47 4 Oh 

17 4|xl45 , 126 2 4} 

15 7 Xl5a 116 17 6 

2 4 8JX155 , 346 9 9^ 

2 11 5ixl56t 4U1 4 3 



• In intiftit>l>'ing lyy 13, if the pupil have committed the MuHiplication Table no f.« 
ttier than H times IS, he may multiply by 12, and take in tiie 
multiplicand «s he i>vocccds, as in the annexed example. In this £ s. d. 

way the multiplication by any multiple of 13, not exceeding 13 1 15 r>fxi3 

times 13, may be performed in two lines, as also by any number 12 . . 

which is greater by unity than any of these multiples. Hence, ■ v< \. V * 

pnly two lines are necessary in multiplying by 26^ 39, 52, 53, 65, £22 19 u^, wW 
78» 79, 91, !«, IM. 105, 117, 118, 130, 131, 143, 156. 157, 1®, 170. 

f The subjoined example will show how Compoifnd Multi])IlcfUion maybe pcft'^rmcd*. 
hmveyer great tl)e multiplier is. Tliis method, however, will ecarccly be employed by 
any oac vho has teamed the modes of computation usually taught in the ftule of Prae. 
tice. UbthticcCioregiveQinaiwtfr^andnotinthetext. 
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Exam. 6. Multiply 33 c. 3 q. 22 lbs. by 7.« 



In this example the poimds, when mul- 
tipUedy are divided by 28^ and the quar- 
ters by 4. In long weight the divisors are 
30 and 4. 



cwt. 
33 



3 22 

7 



cwL 
Ex. 93. 1 

94. 

95. 2 

96. 1 



Exerciseg, 
g. lbs. 



237 2 U,Answ. 

Answers, 
cwt, q, lbs. 



11 
16 
]I 
12 



2 17X27.... 44 

3 22X86 81 

2 19 fhngwe^htj X59 156 

2 27 (long weight J X96 165 

97. Required the cost of a chest of tea, containing 97 lbs 
6/IOJ ^ lb. Answ. £33 6 lOJ. 

98. Required the amount ot a box of linen cloth; containing 
as under: — 



at 



piec, yd, per yd, 
2 49 at 2s, Id, 
2 49 2 3 

2 48 2 5 

3 73 2 7 
3 75 2 9 



piec. yd. per yd, 
3 75 at 2t. Ud. 
3 75 3 1 
3 75 3 3 
3 75 3 5 



piecyd, per yd, 
3 75 at 3*. 7d. 
3 75 8 9 
3 68 3 ]1 
3 75 4 2 
Answ. £14/0 2 0. 



99. Required the amount of a hogshead of rum containing 66 
gallons, at 4/10 ^ gallon, and a puncheon containing 116 gallons, 
at 4/9 ^gallon. Answ. Jei5 19 0, and £27 11 0. 

100. VHiat cost a hundred wei^t of indigo, at 11/4} V pound? 
Answ. £63 14 0. 





£ $. d. 


' 


15 7|= price of 1 yard. 


ExMB. Whatoort S485 yanU of broaddoth. 


10 


•tlV7* per yard. 


7 16 ^3 = ... 10 yards. 
10 


In this example we find sucoeaslvely the pricei 


78 2 6= ... 100 ... 


•f M), 100, lOOa We then multiply the price of 


10 


1000 by 2; of ]00by4; of lObyfi; andoflbyS. 


781 5 0= ... 1000 ... 


We have thiw the prices of 3000, of WO, of 80, 


2 
1562 10 6 = ... 2000 ... 
312 10 = „. 400 ... 
62 10 0= ... 80 ... 


and of 5, the aum of whiclr ii £1941 8 1^, the 
answer. 


The following exercises may be wrought in a sU 


8 18 1|= ... 5 ... 


flcilar manner : 


£1911 8 ]|= ... 2185 ... 


Etereises. 


Jnauiers, 


£ S. d. 


£ s. d. 


Ex. 1. 3 6 Six S178.....«, .. „ 


. 10556 18 ^ 


2. I 11 3|xJfl9S4. 


Ja4913 9 5| 


a 2 6 9fx 938 «. ..... 


2194 10 7 


i. 17 lfX63«l « 


.5U30 6 1} 



♦ CompouDd Multiplication is seldom employed, except in relation to money; but if 
it choitld be necessary to use it in cases not illustrated bere, no ditBculty can arise, as 
tlie method is similar in ^t ^'vsea 
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101. If a carpenter receive 18/4* r week, what is his salary in 
52 weeks? Jmw. ^47 15 6. . 

102. How many pounds are there in 91 guineas? Amw. £95 

103. What is the amount of the duty on 100 ffallons of brandv 
at 13/7 r gallon? Anno. £67 IH 4>. ^' 

104. What is the duty on 63 gallons of rum, at 10/10 ^ gallcn ? 
Afuw. £34i 2 6. . ' ® 

105. )Vhat is the duty on 58 cwt. of raw sugar, at £1 18 6 ^ 
cwt? Atuw. £94e 5 0. 

106. What is the amount of the duty on 149 lbs; of West India 
coffee, at 7Jd. V lb.? Antw. £4 16 2|. 

107. From 1783 to 1793, both inclusive, the money paid for 
slaves, imported into the West Indies in Liverpool vessels, was, 
at an average, £1,380,622 16 4 J each year. What was the entire 
amount? ii/mx;. £15,186,851 1^. 

It may perhaps be proper to caution learne rs agai ns t the absurdity of _ 
attempting to^ itJitip^y '-^ry fty ffynw>y This'' cauiidh will not appear^ 
unnecessary, if it be considered that whole pages have been filled with 
instructions how to perform this problem ; and it has been attempted to 
be shown, even with the semblance of geometrical demonstration, that if 
2/S be multiplied by 2/6, the product may be either 3|d. or 6/3! 
I^t it be considered, however, that in Multiplication a quantity is sim- 
ply repeated a given number of times : thus, if 3/6 be repeated 4 
times, the amount is 10/; if 5 times, 12/6 &c. To talk, therefore, 
of multiplying 2/6 by 2/6, or, which is precisely the same, of wu 
peating 2/6 2/6 times, is absolute nonsense. In the Rule of Pro- 
portion, indeed, we sometimes appear to multiply such quantities. Thus, 
in finding the interest of a sum at a given rate, for a year, we multiply 
by the rate, and divide by 100. In this case, however, both 100 and 
the rate are divested of their characters as expressions for money, and 
are merely to be regarded as abstract' numbers, used as the terms of a 
ratio. By multiplymg by the rate, suppose 5„ we merely Tej)eat the 
principal 5 times, or find a principal 5 times as great; imd then, a% 
there must be one pound of interest for each hundred pouiidi in this 
increased principal, we try by Division how often it contains £ioO; and 
we thus find the pounds of the interest— We see from the natiu'e oi 
Division, that there is no absurdity in dividing money by money ; that 
is, in finding how often one sum is contained in another. 



COMPOUND DIVISION. 

Probletn 1. To divide a number of morkSinondnations than 
oncy by a numbernot exceeding 12. 

RULB. (1.) Divide the highest denomin^ion by th^ giyen 
diviBor, by Short DivisioD (2.) Redtbe i^e retaemd^r if 



I 



96 COMPOUND DIVISION, 

there be any, to the denomination next lower, and add to 
the result what was given of that denomination. (3.) (Ill- 
vide the sum by the divisor ; and thus proceed to the lowest 
denomination, or till nothing remains. 
Exam. 1. Divide £14 IG 7Jby 10. 
In this example, after dividing j614 £ s. cL 

by 10, we have remaining £4, or 80 shil- 10)14 16 7^ 
lings; which, increased by 16, becomes __^ 

96 shillings. Hence, we find the next 1 9 7},.. 7 far. 

part of the quotient to be 9 shillings, arid 10 [or 1 ^d. 

the remainder is 6 shillings, or 72 pence, 

which, increased by 7, becomes 79. This j814 16 7^, proof, 

being divided by 10, we have the remain- 

• der 9 pence, or 36 farthings, to which the odd farthing is annexed; 
and continuing the division, we find the entire quotient to be £1 
9 7 J, and the remainder 7 farthings, or 1 Jd. The proof is per- 
formed as in Simple Division. 

J^sjcerdses in Compound Division. 



£ s. 


rf. 




£ s: 


d 


£ 


s. 


d. 


Ex.U 10 11 


8^-1-2 


6. 


1 19 


5i^ 7 


11. 20 


1 


3-f.l2 


2. 2 16 


7 -j-3^ 


7. 


3 15 


7 -H 8 


12. 1 





0^ 6 


3. 4 5 


9J~4 


8. 


5 17 


Hi-r- 9 


13. 1 





0^ r 


4. 9 9 


6i-^5 


9. 


7 13 


6 -i-10 


14. 1 


JO 


Oh- 8 


&. 8 13 


4-5-6 


10. 


6 12 


9 ~ll 


15. 1 


9 


S-h 9 



Problem 2. To divide by a number xvhich is greater than 
12, butts the product qftmo or more factorsy eachless than 13. 

Rule. (1.) Divide the given number, by Short Division, 
by one of the factors. (2.) Divide the quotient by another 
factor. (3.) Divide the result thus obtained by another fac- 
tor, if there be so many: and thus proceed, whatever may 
be their number. 

Exam. 2. Divide £59 13 3 J by 66. 

In this example the factors are 6 and 
11. In the division by 6 the quotient is 
£9 18 lOi, and the remainder 2 far- 
things; and in the division of this quo- 
tient by 11, the quotient resulting is 
18/0}, and the remainder 9. This re- 
niainda: behig multiplied by 6, the first 
divisor, and the product increased by the 
fi^rmer remainder 2, (see page 27,) the 
true remainder is found to be 56 farthings, 
on 1/2.— In the t)roof by MultiplicatiDn, 
1^9 remainder must be added to tjbe find product. 



S^M-r 



£ 


«. 


d. 


6)59 


13 


H . 


11)9 


18 


10J,..2 


£0 


18 


0}...56far j 
6 [or V*f. ] 


5 


8 




59 


12 
1 


^Jadd. ,^ \ 


£5i> li 


^i.prppf r- 1 



COMPOUND DIVISION. 67 

In the use of this Rule^ if there be no pence in the dividend, or if 
it eudfP 3, 6, or 9 pence, and if one of the factors be 3, 6| or 12, it 
is better to use that factor first, as in the division by it there will be no 
remainder. If one factor be 2, 4, or 8, and there be no farthings in 
the dividend, it is generally better to begin with that factor. If the 
shillings and pence of the dividend be any multiple of 10 pence, (as 
1/8, 2/6, 3/ 4, 15/10, &c.) and one of the factors be 5 or 10, it is 
best to begin -with that factor. Thp same may be observed in rela* 
tion to multiples of 5d. and 2^. (and, when 5 is a factor, in relatio>« 
to multiples of 1^ ;) but these are not so easily discovered. 

JEseercises. Avtwers. 



problem 3. To divide hj^ a number tchi^k is greatk^ than 
1% and is not produced by factors beUyw \S. % 

RutJL The process id to be conducted as in problem 1, 
excepi^ tiiB^ ia to be employed instead of 



£ s. 


d. £ s. d. 


597)2074, 6 


H (3 9 lilAnsw. 


1791 


6 


283 


,20 16 lu^ 


20 


10 






5666 


208 8 9 


5373 


10 


' 293 


2084 7 6 


12 


10 8 5i 


3525 


2073 19 0} 


2985 


7 8* 


540 


ie2074 6 9L 


4 


Proof. 


2161 




1791 
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Exam. 3. Divide ^2074 6 9^ by 597. 
Here, the first part of 
the quotient is £3, and 
the remainder ^£283 6, 
or 5666 shillings, from 
which, as in Simple Di- 
vision, we obtain for quo- 
tient 9 shillings, and a re- 
mainder of 293 shillings 
and 9 pence, or 3525 
pence. Dividing this by 
the divisor, we obtain 
for quotient 5 pence, 
and a remainder or 540 j 
pence, or 2161 farthings, 
which eives a quotient of 
3 farthmgs, and a remain- 
der of 370 farthings, or 

7/8^. The work is proved -c«7rr_xu- »^. 

by multiplying the quoti- ^^^ ferthmgs, or 7/8^. 

ent by 600 (6X10X10,) 

and sobtractine three times the quotient, to obtain the product bj 
597, and finally, by adding the remainder, 7/8 J, to the result. 

JSxerdses, Answers, 
£ s. d. £ s. d. Rem. 

£z. 46. 61 -I- 13 4 13 10 2d. 

47. 9 3 7 -f- 17 10 9\ lAd. 

48. 50 4 2 ^ 19 2 12 10 4d. 

49. 99 -f. 26 3 16 1} S|d. 

50. 45 10 Oi-f. 29,. 1 11 4i Ijd. 

51. 115 12 6-5- 37 3 2 6 

52. 93 9 4J^ 43 2 3 5J 8d. 

53. 82 6 11 -5- 51 1 12 3J ^d. 

^54. 67 3 10}-;- 57 ., 1 3 6|...... lOd. 

55. 54 13 2-5- 65 16 9|...... 4^0. 

56. i08 18 li-5- 71 1 10 8 9id. 

57. 329 4 -f- 78 4 4 4}...... l/I^ 

58. 167 16 -s- 85 1 19 5} 3Jd. 

59. 53 12 0-5- 91 Oil 9i.;.... lOJd 

60. 288 5 -i- 97 2 19 5 ...... 1/7 

61. 344 U -^ 103 .,»3 6 11 1/7 

62. 179 a O -H 133 1 G llj ^± 

m. 599 2 4 ^ Wl .-., 2 19 7| 1/UK 

fi4, 343 11 4i-5- 313 I 1 10|>,„*, 4/6 

65» 400 -i. 363 1 111 „„^ 54^ . 

"^ eg. 98+6 \^ 4 -5-53T5 1 17 4 

07. 2fH5 16 5|-?-4063 ,... 10 0+...,- 1/4J 

68.3982 2 81-^1347 ,,,..,...^ ^ 1?» 1' \ii . 
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70. If the duty on s pipe of port wine, containing 138 gallons, 
be £52 6 6, how much is the duty oo each gallon? Answ. 7/7. 

71. If a chest of tea, containing 96 tbs« cost j£33, what cost 
lib.? Answ.6/\0h 

72. If a hundred weight of sugar cost £4: 8 8, what are the 
costs of a pound and of a stone? Aruw. 9id. and 11/1. 

73. If a contribution of j£354 12 *is to be made up in equal 
shares by 26 persons, how much must each contribute ? Ans^iv, 
^613 12 9, rem.6d, 

74. If prize-money to the amount of £495 5, is to be divided 
equally between 75 seamen, how much will each receive? Army, 
£6 12 0}, rem. 3}d. 

75. If a person spend £200 a-year, how much does he spend, 
at an average, each day, and how much each week ? Answ» 10/11^, 
rem. 2id.; and £S 16 U, rem. 4d. 

76. The following are the amounts of the duties paid at the 
custom-house of Belfast, during the undermentioned years; re- 
quired the annual sum, at an average. 

In 



1800, 


£62,668 


In 1806, 


£207,382 


In 1812, £395,254 


1801, 


182,314 


1807, 


320,981 


1813, 450,498 


1802, 


270,434 


1808, 


318,121 


1814, 373,721 


1803, 


201,180 


1809, 


425,174 


1820, 306,263 


1804, 


207,402 


1810, 


321,325 


1821, 386,709 


1805, 


228,645 


1811, 


344,449 
Anst 


V. £294,265 17 7if, 



77. In 1821, the population of Great Britain and Ireland was 
2 1 ,238,580, and the net amount of thepublic revenue of the United 
Kingdom was £58,108,855 2 2}. \Vhat was the qvota of this 
amount paid by each individual, at an average ? Amw, £2 14 8^, 
rem. £12489 8 0|. 

78. In tb^ year 1821, there were coined in the British mint 
203,761 pounds of gold, value £9,520,732 14 6. Required the 
value of each pound. Aruw. £46 14 6. 

79. How much land is there, at an average, for each individual 
in fengland? ("See page 1 1, Ex. 23, and page 53, Ex. \03.J Aruw. 

2a.3r. lO/^AWaVp. 

80. How much land is there, at an average, for each individual 
in Ireland ? (Set- page lU Ex. 24.^ Aruw. 1 a. 2 r. 39Ay^W P- 
late hish measure. 



- It may not ^ improper here to 8lio\r the method of multiplying and 
d^vulinp, when the multiplier or divi or contains a fraction, tiiougb 
t^ne O|:erations really belong to the Uuc trine of ftacttun«. 



£ 


«• 


Jt. 


1 


16 


6X2H 
2 


3 


13 


"^ 
11 


40 
1 


3 

7 
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In the annexed example, to multiply/ 
by 22}, we first multiply by 22, in the 
way already explained. Then, for }, we 
multiply in a separate nlace £1 16 6 by 
3, and divide the product by 4: the re- 
sult. is £1 7 4^, which beinj added to 
the product by 22, the sum is £41 10 
4J, the product reqmred. The work 
for the fractional part is left to the 
learner to perform. If the multiplier 
had been 22^ or 22J, we should have £41 10 ^ 
found the product by 22, as before; and ^ 
in the one case, have added to it one-fourth, in the other one»half 
of the multiplicand. 

As an example m tiiis 22i)30 % lOJ 

kind of division, let it be ^ *. ^ «• d- 

required to divide £30 2 91)120 11 6 ( 1 6 6 

lOJ bv22}. Here we 91 

multiply 22 by 4, the low. 29 ~ 

er term of the fraction, 20 

and to the product 88, we -Tgj 

add 3, the upper term.— T]ft 

We multiply the given di- , . 

vidend also by 4. Then, ^ 

dividing this product by ^^ 

91, we find £1 6 6 for 546 

the required quotient.— 546 

It may be observed, that 

these methods are eaual- 

iy applicable in Simple and Compound Multiplication and Division. 



SIMPLE PROPORTION, 

In comparing the magnitudes of two quantities of the 
same kind, the <|«3tienl, which is obtained by dividing the 
first by the second, is called the ratio of the first to the 
second. The two magnitudes are called the terms of the 
ratio, the first the antecedent, the second the conse- 
quent. 

Thus, the ratio of 42 to 14 is 3, or b that olP S to 1 ;• and the ratio 
of 7 to 4 is 1}, or is that of If to 1. In like manner, if the second 
term be divided by the first, the quotient will be the ratio of the second 
to the first. 

Equality of ratios constitutes PROPORTION or analogy; 
and the terms of ecjual ratios are called proportionals : — 
the first and last the extremes, the rest the me9ins. 
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lims, titkce 8 is one-half of 16, and 6 one-lialf of 12, the folur 
Humbersy 8, 16, 6, and 12, are proportionals, and constitute a propor- 
tion or analogy. When considered in this relation, they are usually 
\»ritten thus, 8 » 16 : : 6 : 12, and are read, 8 is to 16, as 6 is to 12 ; or, 
they are written, a« 8 : 16 : : 6 : 12, and read, a< 8 u to 1 6, <o u 6 to 12. 

SiMPLfe Proportion is the equality of the ratio of two 
quantities, to that of two other quantities. 

Compound Proportion is the equality of the ratio of 
two quantities to another ratio, the antecedent and conse- 
quent of which are respectively the products of the ante- 
cedents and consequents of two or more ratios. ' 

The object of that part of Simple Proportion which is 
usually taught in courses of Arithmetic, is to find the num- 
ber which has the same ratio to one of tiiree given numbers, 
that there is between the other two ; or, to find a fourth 
proportional to three given numbers. 

Three numbers being given, to Jind a Jburth proportional.* 

Rule. (I.) Arrange the three* given terms in the same 
line, in succession, placing the one which is of the same 
kind with the required term, the third in order ; and if, by 
the nature of the question, the required term is to be 
greater than the third term, put the greater of the other 
two terms in the second place ; otherwise, put die less in 
that place. (2.) Then, if the two first terms be not of the 
same simple denomination, reduce thera to the same deno- 
mination, usually the lowest mentioned in either. (3.) Find 
the product of the second and third terms, and divide it by 
the first ; the quotient is the fourth proportional in the same 
denomination as the third term, and may be reduced to a 
higher denomination, if necessary. 

Reason of the Rule, 

By the definifions of ratio and proportion, if the first of foiur 
proportionals be divided by the second, and the third by the foui'th 
the quotients are equal: and if the first of these quotients, be mul- 
tiplied bv the second and fourth terms, and the second of thera 
by the fourth and second terms, the first residt will be the pro- 



« The resolutioD of this problem If unquestionably the moit importaot r^nUt of the 
dectrine of proportion. On account of its great utility and v&f^, gumial plication, it 
is often ealled in the older works on Arithmetic, the Golden m^^ From 1^ circuni' 
stance of thire terms being given to find a fourth, i: has alio befio; Vjcry ge^^fo cAlod 
the liule of Tkreer'K name which should be disused, s& it conv4^^ ideft ^(^Mteiir* 
or otyect of the proUem« .' J ' ^^^y^ 




1 
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duct of the extremes, and the second that of the means. But 
these products must be equal, since it is evident, that if equals be 
multiplied by equals, the products are equal. Hence, it follows 
that t/ie product of the ejctremes4s equal to the product of the meant: 
and therefore if the product of the means (the second and third 
terms,^ be divided by one of the extremes, the quotient ma>>t be 
the other.* 

Thus, in the proportionals 9 : 3 : : 6 : 2, if the quotient of .9 by 9, 
be multiplied by. 3, the product is 9) which must be equal to three timea 
the quotient of 6 by 2, or to the quotient of 3 times 6 by 2 : and mul- 
tiplying tliese equals by 2, we have 2X9=3X6; thai is, the products 
of the extremes and means are equaL This will be better understood 
if the pupil has learned fractions ; since, if the ivro equal fraetion^i ^ 
and ^, be multiplied successively by S and 2, the products are 2Xd and 
3X6, which must evidently be equal. 



• It U of the utmoMt hnportauce, that the ptipil should, at early as possible, acquire 
an accurate idea of proportion. The definitions of ratio and proportion given in tlie 
text, are the same in substance a« those adopted by Lacroix and others, and will i)er. 
haps convey tu the mind of the learner, a clearer idea of proportion than any ether, 
pui licularly after he has acquired some knowledge of ftaotions. It will be found to be 
of dilvantage in enabling him to understand the subject, to require bim, after having 
wiought an exercise, to arrange In succession the three given terms, and the fourth, 
when found, and to examine them according to the definitions. In a short time lie will 
thus acquire a correct idea of this interesting subject, and be able to ap[dy it with ease 
and success, not oD>'y in Arithmetic, but in any other part of the Matbematiet with the 
prutdplea of which he maybe acquabited. 

It is scarcely necessary to state to the arithmetical reader, that while all writers are 
perttetly agreed with refpect to the nature, operations, and uses of proportion, they 
dtlfbr very considerably in cheir modes of defining it, and estabUsblng its principles.— 
'iliose who wish fw farther information on this subject considered as a branch of 
mathematical science, may have recourse to the Elements of Euclid, and the coin. 
ments of the later editors of that woik, particularly Simson, Playfkir, and Ehrington.— 
The last of th«se writers substitutes, instead of Euclid's defiiiiUon, one^^d^ieh m i>er. 
baps more convenient thaa any other, as a basis for establishing the doctri^.of propor. 
tion on strict principles ' 

If f«ur magnUudes a, 6, 6, <(, be pr(q;x>rtiooal, aooordiog to the definitton given iu 
• a e 

the text, we have -cs- } and hence, multiplyiftg by 6 and 4i, we find ad=bct which af- 

b d 
fords a proof to the reader, who is acquainted with Algebra, that the product of the 
extremes is equal to that of the mcaiiii. 

In the method of arranging liie terms which is ddivered in almost all the books on 
Arithmetic, and whidi is very generally employed in practice, the term which is of the 
same kind with the answer, is put in the second placa This method is entirely subver. 
fiive of the principles of proportion, and is calculated to prevent the learner 
from acquiring just views of this subject, as in it a ratio is, in many cases, instituted 
between quantities entirdy heterogeneous, llie method above explained, which has 
been adopted t^ Mr. Walker, and some other late writers, is founded on principles 
strictly Mathematical ; and besidesi being very simple and easy in practice, it possesses 
the advantage of training the mind to accurate thinking, and of preparing it for thi 
subsequent study of Mathematics, It also precludes the necessity of what is generally 
called the Rule of Three Inverse^ as all the questions usually solved under that hcad« 
may l>e Folved by the rule above delivered 
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When the first and second terms are in the same denomination, 
they are evidently in the same ratio as the numbers which express 
them; and therefore they are to be reduced to the same denomi- 
nation, if they be not so ah*eady. 

Exam. 1. If 12 yards of broadcloth cost ^£15, what would 
8 yards cost at the same rate ? 

The answer to this question must evidently be in money, and 
dierefore ^615, the money given in the ques- 
tion, must occupy the thini place: and,' as t/dt» yds, £• 
8 yards will cost less than 12 yards, 8 yards. As 12 : 8 : : 15 : 
the less of these two terms, must be put in 8 
the second place. Hence, the terms will be — • 
arranged, and the operation performed, as in 12)1^0 

the marsin; and it appears, that at the rate 

specified in the question, 8 yards would Aiisw. £10, 

C06t ^10. 

In this exllmple^ it is endent that as often as 8 yards are contained 
m 12 yards, so often would the answer be contained in £15. Jience 
the quantities are proportionals, and the reason of the process is cvi- 
d.'Ht from what goes before. 

Tlie reason of the operation wil! also be plain if it be considered, 
that the price of one yard would be found by dividing £.15 by 12, and 
tiiait the price of 8 yards would be found by multiplying the quotient 
by 8 ; and the result will evidently be the same that would be (Attained 
by multiplying £l5 by 8 and dividing the produ^ by 12. The method 
according to the rule is in general preferable howevev, as it has the ad- 
V intage of freeing the operation, as muqh as possible, from Cractiooal 
quantities. 

The operation may fdso be illustrated very simply In the following 
manner 4 since 12 yards cost £15, by multiplying by 8 ve obtain 4^120, 
which must be the price of 96 (8X12) yards; and therefore dividifig 
this by 12, we get j^l(\ the price of 8 yardi 

Ex. 1. Kd7 cvrt of sugar cost ^€21^, what would 95 cwt. cost 
jit the same rate ? Answ. jeSGO. 

2. If 385 yards of linen cost i£63, how much might be bought 
for j£ 18 at the same rate? Answ, 110 yards. 

3. How much vnne may be bought for j8396, if 90 gallons oost 
je72 ? Answ. 495 gallons. 

4. If the yearly rent of a farm of 18t acres be £273, what is 
the rent of a part of it containing 42 acr^ ? Ansto, £63, 

5. If 275 reams of paper cost .€380, what would 990 reams 
cost? Aniw.£ll88. 

6. If 9G men reap 40 acres of grain In a week, how many wcmlxl 
reap 65 acres in the same time? Answ. 156. 

7. How many men would perform, in 168 days, a piec6 of trork 
which 108 men can perform m 266 days ?♦ Anjw. 171,, 



4 This question bcluntii to vvbat is commonly caW tixe Rulc<if, Three Ifverse a* the 
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8. If 84 sheep can be grazed in a field for 12 days, how long 
might 112 sheep have been grazed equally well in toe same field 
Answ. 9 days. 

Exam. 2. If 12 cwt. of wheat cost <£6 10 8^ h^w much 
might be bought for jeil 8 8 ? 



In this example, according 
to the second pai^t of the rule, 
the first and second terms are 
reduced to the same denomina- 
tion, (pence,) and the rest of 
the work proceeds as before. 
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Ex. 9. If 148 gallons of rum cost £119 10, how much maybe 
bought for £89 12 6? Antw, 111 gallons. 

10. If £1 14 be paid for 52 cwt. 1 q. 4 lbs. of flour, what would 
122 cwt. cost at the sfune rate ? Antw. £266. * 

1 1. What is the rent of 21 acres, 3 roods, 20 perches of ground, 
if the rent of 36 acres, 3 roods be £42 ? Answ. £25. 

12. If a person walk 17. miles in 5 hours, 12 minutes, 31 se- 
conds, how &r would he walk at the same rate in 3 hours. 40 
minutes, 36 seconds ? Antw, 12 miles. ^ 

13. If £51 pay for 10 cwt 2 qrs. 14 lbs. of sugar, wJiA would 
4 cwt. 1 qr. 14 lbs. cost at the same rate ? Answ. £21. 

1*4. If 19 cwt. 3 qrs. 21 lbs. oflfeef (long weight J cost £36, 
what would 46 cwt. 1 qr. 29 lbs. cost at the same rate ? Aruw. £84w 

15. If the fare of a coach for 88 miles be £1 9 4, for what 
distance would £2 3 4 pay at the same rate? Ansto. 130 miles. 

16. If .the earth move 69000 miles in its oHxt in an hour,>. 
through what space does it move at the same rate in 16 minutes, 
48 seconds? Antw, 19320 miles. 

If there be a remainder after the division by the firfi 
term, it is of the same denomination as the third term ; and 
if it admiiy it may be reduced lower, and the operation 
continued as in Compound Division. 

greater the niunber of the men i8,ttie lew «mtt betbe number of dayii In thii oaae^ 988 
to said to have to 168 the reciprocal or inverse ratio of 108 to 171» mad tiie numbeii are 
0aid to be reciprocaUy proporiionaL The direct analogy ii Itt daya : S66 daya : : lOB 
men : 171 men. It ia obvioua, that tho terms must be thus arranged : nnce 966xl0f 
would be the number bf days in which the work would be p«formed by one man ; an4 
tf thto be divided^by 168, the quotient must be the number of da^i required : eoM». 
quenUy, 966 and 108 must be made the second and third terms, that th«ir pioduet muf 
b* talMQ ia the o|ei«tion.F-^The next question ia|§|he Muae Und. 
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ydi, yds. £ 
As 26 : 732 : : 3 : 
3 £ 



15 



' £ximi. 3. If a web of linen con- 
taining 26 yards cost .€3, what Would 
732 yards: cost at Che same rate ? 



s, d. 

9 2f 

Amuf, 



Here, after we haye found £84, the 
first part of the answer, there is a 
' remainder of Jtl2, niduch-being reduced 
to shillings, the rest of the opotttion 
proceeds by Compound Diyision, and 
there is a final remainder of 2 fiir^ 



In the next exercise, the first and se- 
cond terms are first reduced to the 
nme denmBiDation, and then the work 
proceeds as in this example. — ^When 
the third term is a unit, ike second is 
simply to be divided by ^e first. 
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Jk 

80 farthings. 

78 

"2 

Ex. 17. If the rent of 5 acres be £4 13 4, hpw much land 
could be rented at the same rate for j£70 10 6? Antw. 75 a. 2 r. lOp. 

18. How much wheat, at 18/3 W cwt. may be purchased for 
JB149 16 4? Answ. 164 c. q. 20|^ lbs. 

19. How much oats, at 8/8 V cwt. may be bOi^t for £64 
3 2^? Anaur. 146 c. q. 7 lbs. 

20. If 6 c 3 q. 12 lbs. of fiour cost £9, what would 4 c. I^qrs. 
cost at the same rate? Antw, £5 18 1(. 

21. If 39 c 1 q. 10 lbs. (long weight J of pork cost £59 0, 
what cost 13 cwt. ? Answ, £19 10, 

Wlien the third term is of more denominationi^ tlian one, 
it is generally necessary, or at least proper, to reduce it to 
the'J^owest denomlhation mentioi^ m it; When the first 
an^iecond terms are not large, {towever, it is often bet* 
tef apt to perform diis reductiooi jaut to employ Compound 
Multiplication and Division, e^peci^^y if the third term be 
mongy. 

The work is often much abbreviated by dividmg the first 
and second, or the first andthifd terms^ (but never the se- 
cond and third,) by any ntimb^r which exactly nieasures 
them, and employing the qu<ilkhtv instead #tfa4'puinbers 
themselves. ° ^ " -' 
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Exam. 4. What is the yearly rent of 47 a. 3 r. 21 p. at ^81 4 6 
V acre? 

In this example, th^ Srst 
and second terms arerediiQfid 
to perches, the lowest d<bao- 
mination mentioned in either, 
and the third to pence, the 
lowest mentioned in it.— 
Then, by the usual process^ 
the answer is found to be 
14077 pence, with 14 rer 
maintng; and this, by proper 
reduction, becomes £5S 13 
IfeV I" '^® division by 
160, a cipher is cut from the 
divisor, and a figure from the 
dividend ; and then the work 
is contracted, by using th« 
factors of 16, instead of iu 
self. With respect to the 
reason of the operation, it is 
evident, that were the third 
term, 294d. divided by the 
fint term, 160 perches, the 
quotient would be the rent 
of one perch; and were this 
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multiplied by 7661, the perches in the second term, the product 
would-be the cent of 47 a« 3r. 21 p. But as in other xBases, the 
same result is found, and more easily, by dividing the product of 
the second and third terms by the first. 

ifds. ydi. 
As 15 : 55 
Exiun. 5. If 15 yards of linen 
cost £% 1 lOJ, what will 55 yards 
cost at the same rate? 



lOi 



' In this example^ after the terms 
are arranged according to the rdie, 
tfie last is brought to nuthings, the 
lowest denomination mentioned In 
it; these farthings are then multi- 
plied by 55, the second term, and 
fbtt product divided by 15, the first 
term; the quotient is 737^ which 
is farthings, because the third tefm 
was reduced to farthings; f^nd these 
farthings, by redaction, become £1 
13 6^, the f&^ of 55 yards, as 
was requires^: 
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£ t. 
2 1 
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41 shillings. 
12 
502 pence. 
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20iO^urthings. 
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10050 
10050 
5) 110550 
3)22110 

4) 7^70 f arthings. 
12 )1842^ . 
2l 0)15|3 6| 
£n 13 6^, iliu. 



simple; proportion. T7 

This operation may be much con- 
tracted in the following manner:-^ 

let the numbers be arranged as be- §,dt vdt £. m. d. 

fore, and let the first and second a- i «'*««'. . % i i n i 
.terms be divided by 5, which is a as i£. d3 . . i i lo^ 
common measure; the quotients 3 : II , n 

are 3 and 1 1, which are to be used 3 )23 7 jr 

instead of 15 and 55; and the ope- £1 13 6^, 

ration is still farther abbreviated Awm, • 

by employing Compound Multipli- .s 

cation and Division. ^ 

The reason of the contraction employed in this example is, that 
!f the divisor and dividend be multiplied or divided by the same 
number, the quotient is not changed. Hius, if 12 be divided by 
4, the quotient is the same as if 24 be divided by 8, or 3 by 1 : 
and hence the ratio of two numbers is the same as the ratio of 
two numbers which are obtained by dividing or multiplying them 
by the same number- This principle, and indeed the whole doc- 
trine of Proportion, will be better understood by the pi^ll who is 
acquainted with fractions. 

Ex. 22. If 63 gallons of wine cost £41 10 6^, what cost 10 
gallons?* Antw. £6 11 9f, rem, 1/24. 

23. What cost 4 tons of logwood, if 36 tons cost ^6316 7 3? 
Antw. £M 3 04, renu ^ f. 

24. If a lot of sugar, containing 56 cwt. cost d£214 18 4, what 
floes it cost ^ ton ? Answ, £7Q 15 1 J, rem, ♦ f. 

25. \£ the yearly rent of 18 acres be £24 18 6, what is Ihe 
rent of 29 ao^es at the same rate? Amuf. £40 3 1^, rem. f f. 

• In working this exercise, and the nine following, the third tenn in the analogy In 
each may be reduced to the IoFe«t denomination mentioned in it, and the product of 
t^ie result and the second term divided by the first In all of them, however, and in 
tevenl others that follow, the reduction may be omitted, and the work perfoimed by 
Oanpound Multi{>lication and Division. In n«ri:L(e ^ the HrirL orri second (CTTtii^ may 
be divided by 4; and then as the seoond term wiLU^e 1, tlip AriKWci y^ ill be ftMird b; ilu 
viding the third term by 9. In exercise S4b divide the fir^t in^ ^cot^A teniUL, in hiLii. 
dreds weight, by 4; and in exerciiefi6, divide them b; % In liicg msjiaeTi fn nerckse 
1, the first and seoond terms may l)e divided by 1.? j In ocisrclM^ % hj 9 \ m exctclti? 3, 
the first and second, or the first and third terms \>y ^^» ^^* 

la this and the following exercisei^ the remairid{'i% whm th^re are any, are annexed 
to the answers, and are expressed in their afanpleKt rurm by dividing t^ach remaJadifr, 
and the divisor which produces it, by any numbtir Uial i& caiitain<^ iti thow with, 
out remainder. (See the preeedb^ paroffrapLj H U Renerolly t ujUcritifit, hrmevet, 
C0 require the learner to find the answer, if U l^ mnnev^ tru^ ttt ihe nearer Jkirtfuftg. 
To require all answers to be brought out true to tl>c imaLlEifE fncttonjil rvru, wotitU ocw 
copy a great deal of time which maybe more nd^antatf^utly 9|Kent j 4od ^ueh a degr«« 
of aceuMity Itaoarcely ever aimed at, and ind<?^L ivi nciifCtHir t^ver be itcildod, hi amy 
practical application of Arithmetic. In viewiuf '±c matMu- m itoi li^tht, vht^a fjvrthin^t 
•re wxou^tpr, if Che remainder be more thsii half ibe divlisr, \i maj ix rtijcctM^nd 
90» addedto the farthings. Thus, in exercise V^t *^<^ an-^wer mXgH be ttJk^n £<! 1 1 10 j 
In «Kdi«fai^ £76 15 1| : in exercise S5i £40 3 t| iu dpwciat £T, fi»&- 1« li. K& 
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26. If 10 cwt. of oatmeal cost ^9 1^ what will 8^ cwt. cost 
at the same rate? Amw. £U5 I4i 0. 

27, What is the value of IlOj^allons of Spamshbrandy, at the 
rate of £6 3 4 for 7 gallons? £mo. £9Q 18 1» rem. 4<i. 

2». What coat 126 Cwt of oatmeal, if 5 cwt cost £4 17 6? 
Answ, £122 17 e. . 

29. If 19 gallons of whiskey cost £7 16 9, what wfll 37 gallons 
cost at tlie same rate? Aitsw» j£15 5 3. 
* « V aou What cost 79 cwt. of fiour, if 19 cwt. cost 4^24 12 6? 
jLuw. £102 7 9, r€m. ^^ 

^fcsi. If 23 yards of broadclo^ cost £25 IB 6, ivhat cost 9S 
' yards? Atuw, £110 9 8, rem, ^gd. 

32. How ipuch fambric may h^ bought for £186 2 4|, if 13 
yards co^ £8 6 3^? ilnm. .291 yards. 

33. At 1/8 ^ pound, how much cofiee may be bought for 
£17 12 7J? JjMux. Ic3q. IdHlfcs. .^ 

34. How much mne, at the r^e of £31 15 4 for 46 gallons^ 
may be bought for £117 16 8? Ah$w. 170fSg gallons. 

>35. How much lincti may be bought for £41 12 6» if 4(^ yards 
cost £69 7 6? Answ, 243 yards. 

36. Hov much cotton-wool, at 2/lOJ V pound, may be bot^ht 
for £39 14 8? Afuw, 276|f lbs. 

37. How much barley, at 13/9 W cwU maybe bought for 
£62 7 9}? Anno. 90 c. 3 q. 

38. U^ yards of muslin <K>st £1 6 6^ what will 79 yarde 
cost at the same rate? AnsuK £16 2 7. 

S9. What cost 78 yards, 3 quarters, and 2 nails of broadcloth 
at 17/4 r .yard? Atuw. £68 7 2. 

40. If 17 c. 3 q. 19 lbs. of bariey cost £8 18 9, how much 
may be bought for £5 12 6, at the same rate? Answ, *11 c 1 q. 

41. How much tea» at 7/6 V lb. may be bought for £37 2 6? 
AtuuK 99 lbs. 

42. If a fann eontaintng 396 a. 3 r. 10 p. be let «t the yo^v ^ 
rentof£740 14 4,what tstherentof ea<(^acre?i4nrttr. £1 17 4 » 

43. What cost 4 cwt 2 qrs. 20 lbs. fhng^ vfeightj df pork, at 
^14 6 r cwt? Answ, £17 7 8. 

^ 44J|f 172 cwt. 2 qrs. 18 lbs. of rye cost £87 6 3, how much 
'^t>ou^tatthesameratefor £3194^?il7ifw.7c.3q. 11 lbs* 
What cost 124 cwt 2 ^ 14 lbs. of rice, at <£2 16V 
? Anm.£25S 11 U4. 

46. If the prime cost of 247 cwt Si^<|r8. 14 lbs., of flour, togCK . 
ther with the d&arges, amoimt jto £423 9 0|, wliat does it stand 
¥* cwt.? iiMtfu^. £l 14 2. _^ . 

47. JIBfr much tlheat^ at 15/2 ^ cwt maybe bou^t for £113 
15? iin*ti. 150 cwt 

48. If 2 cWt^^qri?. fel lbs. of sugar cost £12 3 4, w^t js thij 
value of 17-<^^ 2 ^8. 14 lbs. at the same rate ? A/mu* ^0fX ' 
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49. At ^£9 2W cwt. what*eoBC 3 lbs. of raisins ? Antw. i/lO^. 

50. If 6 cwt. qrs. 29 lbs. Chng lod^A/,^ of beef, cott £13 7 6, 
how much may be bought for -€17 12 6 ? Antw, 8 c. a, 27 lbs. 

51. What cost 39 yards, a<)uarters, Snails of broadcloth, if 
3 yards, 2 quarters, 1 nail cost £3 2 10 ? Amw. «&35 4 4f , nearly. 

52. If the rent of 175 a. 2 r. 30 p, be ^6278 3 SJ, how much 
land can be rented at the same rate for £1 11 8 ? 't^nsw. 1 acre. 

5S. What cost 365 bottle^ of wine at £2 1»6 V dozen? Amw. 

jesi 7 3J. 

54. What cost 311 sheep, at £37 12 6 ^ score? Ansm £585 
r 4J. 

55. How much sugar may be bought for £113 13 4, if 7 c, Sq. 
14lbs. cost £31 6 8? Anm. 28 c 2 q. 7f4 ttw. * 

56. If the rent of 12 a. 2 r. 30 p. be £28 8 9, wh^t is the rent 
of 59 a. 3 r. 20 p. at the same rate? Answ, £134 4 0^, rem. ^ f. 

57. How mui^ musHn, at 2/Bjf ^ yard, is equ8| in value to 
169 yardt of cambric, at 7/8 J W yard ? Auw. 481 yards. 

58. If the assessment on a townland, containing 445 acres, be 
£14 14 9|, how much is it on.each i^cpre of acres? AMvr. 13/3. 

5% If B. d^k have a salary ctf £^9 12 6 V year, commencing 
jRt the first of May, how much has he to receive on leavii^ leg 
situation on the 18th of December? Amw. £56 14 5f|* ^ 

60. If a person save 8/1 J V" week, ki what time w5l he save 
£112 10? Answ. 5 years, 16H w^s. 

^. if the shiiUng loaf weigh 3 lbs. 6 oz. When fbur sells ak 
£1 13 6 V cwt. how much should it \r^^ when flour sells at 
£17 6^ cwt.? Answ.Afbs. Iff oz. 

62. If the digging of a British mile <^ a Canal cost £1347 7 6^ 
what cost the diggings of an Irish miie^ the same rate? Ansm* 
£1714 16 9|> rm. A <• 

6.S. When whept sella at 54/7 J V garter ^of 456 Ibs.)^ bow 
much ifi it W ewt? Amw.'VS/5. 

64. What is* the value of a ton of goI4 tbe guinea ifrcighiog 
5dwts. 9gf».? iiTWio, £127,627 18 il; rem. it f. 

6i. At 7/6 ¥* ounce, what is the value of a silver bo^ weigh- 
ing 9 oz. 13 dwts: 8 grs. ? Answ. £3 12 6 . ' > 

66. 'U a person travetiing 14 hours ^ day, finish the first h^lf 
of a journey in ^ddys^ 'ilk what tinse wiU he finish the remaining 
hal^ travelling 10 hours ^ day at the same rate each hour? 4nf»^ 
lafdays. 

m. If a pCTSon walk from Bedfast to Kewry, a distanee of 30 
mil^, in 10 hours, 42 minutes; in what time will he walk i&t the 
same rate from Belfast to Ikibliny the dist^ce being 80 miJes ? 
An^w. 28 h. 32 m. . , 

6a How many British miles are equivalent to 128 Irish, 11 : 
Irish iniles being equivalent to 14 British? Answ. 162ml 7 fur. 
lb p. 6 vds. ^ 

69. Tne mean length of a ^a^^ on the earth's surewfe, h>GQ 

' ■ ^* • I, " v: -■ 
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Brkish miles and 80 yards, nearly: h«w much is it in Irish miles? 

Answ. 54 m. 2 fur. 

70. It is found, that the diameter of every circle is to its cir- 
Gumference very nearly in the ratio of 1 13 to 355: what then is 
the earth's circumferenee, its diameter being 7911} miles, nearly ? 
Aruw* 2^55| miles, nearly. 

71. If the girt of a round tree be 6 feet 10 inches, what is its 
diameter? Answi 2 feet, 2^^ inches. 

72. The earth rcTolves round the sun in an orbit, the mean 
diameter of which is one hundred and ninety millions' of miles. 
Were this orbit an exact circle, as it nearly is, what would be its 
circumference? ^n/t&. 596,902,654 ^^ miles. 

73. If a farmer lend his neighbour,. for 34 days, a cart horse 
which draws 12 c. 3 q. how long should he have in return a horse 
that draws 10 c. 3 q. «^ Answ 40^ days. 

74. After A has travelled 51 miles on a journey, B sets out to 
overtake him, and for 16 miles travelled by A, B constantly travels 
19 miles. How far will each have travelled before A will be 
overtaken ? Atisw, 323 miles. 

75r In a copy of Milton's Paradise Lost, containing 304 p^es, 
the combat of Michael and Satan commences at the end of 
the fSfltth page; at what page may it be expected to commence in 
a copy containing 328 pages ? Answ, The fourth proportional is 
149ff, and hence the passage maybe expected to commence near 
the bottom of the 150th page. 

76. A pound, Troy weight, of silver is coined into 66 shillings: 
what is the value of a pound, avoirdupois weight? f See page 4^,J 
Answ. £4 2^. 

77. How much shoul(>4 gold coin, worth one pound, weigh, 
the weight cf the guinea being 5 dwts. 9 grs.? Answ, 5 dwts. 
2^grs. 

78. The length of a wall, being tried by a measuring liae, ap- 
pears to be 1287 feet, 4 inches; but on examination, the line is 
found to be 50 feet, 10 J inches in lei^th, instead of 50 feet, its 
supposed length. Required the true length of the wall. Ahsuk 
1309 feet, 10^ inches. 

79. If a shopkeeper use a false weight of 14| oz. for a pound, 
hov^ many pounds will 112 lbs. of just weight appear to be, when 
weighed by his weight ? Ansiu, 12111 lbs. 

BO. Tf a dealer tn ?<plrit$ use, inj5tead of n gallon, a measure 
which i^ de^cient by half a pint, wlmt will be the true measure of 
100 of these false gnlions ? Answ. 93 J gallopa^ 

8L If the port wine contained m a vessel, weigh 15 c. 3 qrs. 
^■t lbs, how nuieh weight of pii re wuter, an J liow much of cow's 
miik, would the sa^ne v-eHsel contain, the weight of equal bulks of 
[lart wine, of water* -sjhI of jujlk, being us the numbers 997, 
1000, and 10.3:?? ji;M». Its c 4, I J^ lbs. and JO c. 2 q. 25Jf lbs. 
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82. If a stone column weigh 69 cwt, 3 qrs. 10 lbs. what will a 
pillar of oak of the same dimensions weign, the weight of equal 
bulks of the stone and oak being as the numbers 2484 and U70? 
Awtw. 32 c. 3 q. 16^ ibs. 

83. A cubic foot of fresh water weighs 1000 ounces avoirdu- 
pois nearly : what is the weight of a vessel df such water, con- 
taining 217^ cn^^ inches ? Answ, 7 lbs. \Z\\% oz. 

84. The quality of rum imported into En^and from the British 
JK^est India Islands, in 1798, w^s four millions, one hundred and 
pinety-six thousand, one hundred and ninety-three gallons; the 

diAy on which aniounted to £95,996 5 5. Of this quantity, 
.S3^93 gallons were exported. What was the amount of the 
4uty on the quanti^ consumed in England ? Antw^ £88,376 2 1 j, 
f^ear^ 

85. In 1798, the quantity of sugar imported into England from 
the West Indies, was 2,361,715 cwt. qr. 8 lbs.; the duty paid 
an which was £%filOfin 2 7. What was the duty W cwt.? Answ. 

86. In what time would wind mQve frc^ the pole to ^e equator, 
at the r^te of 2 J miles ^ hour, the dis^^Qe Jbm^ 6^14 miles ? 
Ajuw, 94 days, 3 hom^s, 38 minutes, .lPt|^ecQpds. 

87. The earth describes its orbit rouoq iW^^n in 365 days, 5 
hours, 48 minutes, and 48 seconds : through y^t space does it 
'move each hour, at an average, the circumfereo^ of tba orbit be- 
ing 696,902,655 miles ? i4*Mttf. 68094 Iff J f^, 

88. The ecliptic contains 360 deerees, and is apparently de- 
scribed by the sun in 365 days, 5 nours, 48 min. and 48 sec. 
through what part of^t does he appear, to move at an average e^h 
day, and each hour? Amw. 59' 8* 19*', and 2' 27" 5 J'", nearly. 

8^. The value of British manufactures and produce exported 
from Britsun in 1808, was £40,881,871; and that of IrislT manu- 
factures and produce exported from Ireland the same year was 
£12,577,517 10 U. It is hence required to determine how much 
the latter sum aifords for each £100 contained in the former, Antw* 
; £30 15 3}, nearly.'^ 

■ " '^ ' " * ""» » 

^^ The pQpil having been thus presented .with iHnstrations and exerciser 
rathe practical 9{»plicaUon of the doctrine of Proportion, what follows 
respecting the ehanges in the order and magnitude of proportionals, 
may be found useful, especially to such pupils as may afterwards study 
Mathematics. 

It ha3 alread|y \»eeD ^lown, that if four numbers be propprtjogoal, the 
.product of Hie extremes, is equal to the product of the means. > From 
the converse of this principle, it follows that whate v^ch^pggi» Jaye made 
in "^ order or magnitude of proportionalB, the feMMfii^u'b^ propor.- 
'^ifnols^ if the product of the extremes be equaA- t^fkiii pf tfi^ means. 
ItifyiarlsMLgmtuAes be proportional, other . propordonals WIHIw ob- 
tained, If either the antecedents, or consfequents, or both, bitesp*^ 
J^i!^ increased or diminished by h'ke parts of themselves; or ifj^ 
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two terms of either, or of^ both ratios be respectively increased or di- 
minished by quantities in the same ratio with themselves. This will be 
understood from the following view of the most coinmon and usefui 
changes wliich proportionals admit ; and from this view also, the tecb«- 
nical terms used to denote these changes will be understood. 

Let the four numbers 8, 6, 20, and 15, be proposed^ whkh are 
evidently proportionab; that is, 

8 : 6 : : 20 : 15. Then« 

AUemtUdyy 8 : 20 : : 6 : 15; 

By Inversion, 6 : 8 : : 15 : 20; 

By Compoathnt.'^.... 8+6 : 6 : t 20+15: 15, or 14 : 6 : : 35 : 15; 

By Division, 8 — 6 : 6 : : 20 — 15 : 15, or 2 : 6 : : 5 : 15 ; 

By Cbnweraon, 8 : 8 — 6 : : 20 : 20^15, or 8 : 2 : : 20 : 5 ; 

To these changes, the following, out of many to which no specific 
names have been applied* may be added : 

Let 8 : 6 : : 20 : 15 ; then 

8 : 8+6 : : 20 : 20+15, or 8 : 14 : : 20 : 35 ; 
8+6 : 8 — 6 : t 20+15 : 20^15, or 14 : 2 : : 35 : 5; 
8+20 : 8 : : 6+15 : 6, or 28 t 8 : : 21 : 6 ; 
20+8 : 20—8 ; : 15+6 : 15— G, or 28 : 12 ! : 21 : d. 

Also, if 8 : 6 : : 20 : 15 : : 12 : 9 : : 4 : 3; then 8+20+12+^t 
6+l|5+9+3 : : 8 : 6 : : 20 : 15, &c. ; that is, Ote mm of alt the aw- 
tecedents of any number of equal ratios, ts to the sum of ail t/te consequents 
as any one of the antecedents is to its consequent. 

Let, again, 8 ; 6 : : 20 : 15, 
and 14: 4 :t 21 i 6; 

then 8X14 : 6X4 : : 20X21 : 15X6, or 112 : 24 : ; 420 : 90. 

It may be observed, in conclusion, that all these changes and modi- 
fications hold, without exception, in respect to abstract numbers ; but 
when the given numbers express real quantities, the terms of every ra- 
tio, and also the numbers whose sum or difference is taken, must always 
* be of the same kind. Thus, in the analogy, 8 yards : 6 yards : : 2C 
shillings : 15 shillings, we are not at liberty to take the terms alternately; 
for if we did, we should thus fall into the absurdity of instituting V ra- 
tio between 8 yards and 20 shillings, and between 6'^rds and 15 sbilltng% 
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Rule I. (1.) By the rule for Simple Proportion, find a 
fourth proportional to two given terms of the same kind 
with one another, and to the term which is of the same 
kind as the answer. (2.) To two other terms of the same 
kind, and to the last obtained find a fourth proportional ; 
and thus proceed if there be more terms : the final result 
will b6 the answer. 

Ruts:*!!. <1.) Place the term which is of the same kind 
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as the required term, in the last place. (2.) Comparing 
the other given terms by pairs, place each as antecedent or 
consequent, according to the rule for Simple Proportion. 
(3.) Divide the continual product of all the consequents 
and the last term, by the continual product of all the ante- 
cedents ; the quotient will be the answer. 

As a contraction in the use of this latter rule, divide an 
antecedent and any consequent by any number which will 
measure them, and employ the results instead of those 
terms : or, if an antecedent and any consequent, or an 
antecedent and the last term be the same, reject them. 

Exam. 1. If 40 gallons of ale serve 17 persons 5 days, how 
many gallons will serve 9 persons for a year, at the same rate ? 

L As 5 days : 365 days : : 40 gallons : 2920 gallons. 

As 17 persons : 9 persons : : 2920 gallons ; 154-5^ gallons. 

In this operation, we first proceed as if the numbei* of persons 
in both cases were 17, and on this supposition we find that 2920 
gallons would be used by those persons in a year. But the num- 
ber of persons being 9, instead of 17, we find by the second an- 
slogy, that if 17 persons would use 2920 gallons in a year, 9 per- 
sons wQuld use 154^f^ gallons in the same time. 

IL As 5 days : 365 days ^ ^ ^ j^^ ,j 
17 persons : 9 persons J ^ *-rx^TT gonuuD. 

In the second method that term is placed last which is of the 
same kind as the required term. Then, were the number of per- 
sons the saine, it is evident that the answer would be greater than 
40 gsdlons ; and therefore we put 365 days in the second, and 5 
days in the first place : but were the number of days the same, it 
is obvious that the required term would be less than 40 gallons ; 
and we therefore put 9 persons in the second place, and 17 in the 
first. We then multiply the product of the consequents by the 
common third term, 40, and divide the result by the f)roduct of 
the antecedents, and the same ^swer is found as befoie. This 
operation is in effect the same as that in the first method; for 
the result of the first single analogy, without the actual muU 

365 X 40 
dpKcation and division, is — » and, consequently, the 

D 

J 1 u !« r. 3^^X40 9X365X40 , 

second analogy becomes 17 : 9 : : r : — 7ttt= — ; whence 

o ox 1 • 

it appears that in both methods the same multiplications and di- 
visions are in reality performed, and consequently the one is only 
a modification of the other. In this method 5 and 365, or 6 and 
40, m%ht be divided by 5 as a contraction. 

'Hie principles on which the operations in Compound '•"'^' 
£iXB(^« 'Proportion depend are the same* 
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■ It may be remarked, that one very considerable advanV^e iVfhUh tti^ 
fiecoiid rule possesses, is, that by it the operatipn is k^t entirely free 
from fractions till the conclusion ; while in the other mo(|^ fractions ofr 
ten arise from the first analogy, and render the remainjp^ part of th^ 
work UQore intricate and difficult. 

Exam» 2. If the carriage of 66 standard hundreds, for 4^ 
British mtiles, be £6 5, what is the carriage of 36 hundreds, long 
umghtf for 90 Irish nailes, at the same rate? 
As 66 stand, cwt. : 36 long cwt. 1 

11^ lbs. : 120 tbs. U . ^6 5 • ^9 19 2n4 

4& miles, Brit. : 90 mHes, Irish, r • • *^ ^ • ^^ i» <S4V. 
U . : 14 J 

In this example, since the answer is to be in ^npney, £6 5 is 
placed as the common third terui. Then it is evident, that were 
all things alike, except the number of hundreds, the answer 
would be less than £6 5; and therefore^ 36 is put as consequent, 
and 66 as antecedent. But had the number of hundreds been 
equal, the answer must evidently have been greater than £6 o, 
on account of the diflPeren^e in their magnitudes ; and therefore, 
112 is made antecedent, and 120 consequent. The arrangement 
of the remaining terms proceeds on similar principles, and the an- 
swer is found by dividing the continual proauct of ^6 5 and the 
consequents, by the continual: product of the antecedents. The 
operation is much abbreviat- 
ed, as in the margin, by di- 1 1 : 6 1 

viding the terms of the first (H): 15. I . ^>. . , ^f. lo „,-o 
and third ratios by 6, and 7 . ir. ?••**> ^ • **' *» ^8t.. 
those of the second by 8, and 
neglecting in the work 14, 
which occurs as an antecedent in one ratio, and a consequent in 
another. 

This <|uestion might also have been wrought by four analogies in 
Simple Proportion. Everyone of these, however, would have given 
origin to fractions, the neglecting of which would have prevented th^ 
precise result from being obtained. Tiie work might also liave been 
nnodified by reducing the hundreds and the miles, respectively, to the 
same kind. The using of 1 12, indeed, as an antecedent, and 120 as a 
consequent, serves this purpose, as the hundreds are thus redaced to 
pounds : and the multiplication by 11 and 14 setves a similar purpos«« 
in relation to the miles. 

Ex. 1. If the carriage of 59 cwt. 19 miles, cast £2 16, how (kr 
may 43 cwt. be carried at the same rate for £2 4 ? Ansto, 20f §i m. 

2. If the carriage of 13 cwt. 65 miles, cost £9 5, how many 
hundreds may be canried 40 miles at the same rate for £Z 15 ? 
Answn ^di^if cwt, > . 

3. If 12 horses in 5 days plough 11 acres, how many horses 
would plough 33 acres in IS days? An$w. 10. 

4. It a person walking 12 hours €;ach day, perforna a joimiepr of 



11 : D I 
14): 15.1... 
7 : m {•'• 

11 :CH)J 



FEACnONS. 83 

250 miles in 9 days, in how many days, walking 10 hours each at 
the same rate^ woidd he complete a journey of 400 miles? Answ, 
17 A days. V 

5. If the expenses of a family of 8 persons amount to £42, in 
16 we^, how long will £100 support a family of 6 persons, at 
the same rate? i^Ttfii;. 50 1^ weeks. 

6. If 29 men, in 5 days of 12 hours each, reap 32 acres, in bow 
many days of 13 hours each, will 20 men, working equally, reap 
40 acres? ^»wji>. 8^1 days. 

7. If £15 12 pay 16 labourers for 18 days, how many labour- 
ers, at the same rate, will £35 2 pay for 24 days ? Answu 27. 

8. If 36 yards of clothe 7 quarters wide, cost £25 4, what 
cost .120 yards of the aame quality, hut only 5 quarters wide ? 
A7aw. ^60. 

9. If a tradesman earn 16 guineas in 108 days, how m&n^ so- 
vereigns would he earn at the same rate, in 270 days; 20 gmnea^ 
being equivalent to 21 sovereigns ? Answ, 42. 

10. It" the rent of a farm containing 26 a. 2 r.. 23 p. be £50 8 9, 
what would be the rent of another farm containing 17 a. 3 r. 2 p; 
if 6 acres of the Utter be worth 7 of the former ? Amw. £39 4 7. 

11. If a punchecm of nun containing 85 gallons, cost £58 8 9, 
what would be the value of a hogshead containing 63 gallons, and 
composed of four parts of the same rum, and one part of water ? 
Amw, £34- 13 0. 

12. In what time would 23 men reap a field which 40 won>en 
would reap in 6 da3rs, if 7 men can reap as much as 9 women ? 
AnsWf 8/^ days. 

13.' If a person walking 13 hours each day, travel 191 miles in 
7 days; in how many davs of 10 hours, will he complete the re- 
mainder of a journev of 500 miles, at the same rate each hour? 
Ans^uf. U\m' 

14. If 63 lbs. of tea cost £20 10 6, what cost 70 lbs. of a 
different quality, 9 lbs* of the former being equal in raloe to 19 
lt>s. of the latter ? Aniw, £20 10 6.* 



FRACTION&t 

Ira quantity, considered as a whole, be divided into any 
number of equal parts, a fraction in respect to that quan- 

* Many of the questions usually propoied under tbf bend of Compound Pvpportioa 
are quite misplaced, as lonie of them are merdy antioipatioDS of what U afientards.de- 
Vrrend in Fnterest^ and others belong to Me mmnU km, w other sobjecta, wi^ the priiv- 
dples <a which the pupil is supposed to be unacquainled. Hence, the number,' and 
>crtoty of exerdses here given, are purposely leia than io Mvcral other «prk««n Mfit*- 



^ fyiUhte$gta to the poution which the doctfiM of ftaotioM OxmiA p^W0,Mi^ 
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tity, signifies one or more such parts : and the quantity di- 
vided is called, in respect to the fraction, the integer, or 

UNIT. 

A fraction is expressed by two numbers^ or terms, called 
the numerator and the jdenomhiator. 

The DENOMINATOR is written below the numerator, and 
expresses the number of equal parts into which the integer 
is divided ; and the numerator expresses the number of 
such parts denoted by the fraction. 

Thus, f, which is read four-j^hts is a fraction, and signifies that 
a unit is divided into five equal parts, and that four of these parts are 
taken. 

If the numerator of a fraction be taken as an integer, 
and divided into as many equal parts as there are units in 
the denominator, the fraction may also be regarded as ex- 
pressing one of these parts. 

Tims, if 4 be divided into 5 equal parts, the fraction \ expresses one 
of these paru, and is therefore the same as one-jyUi cf 4. 

A PROPER FRACTION is that whosc numerator is less than 
its denominator. 

An IMPROPER FRACTION is that whose numerator is not 
less than its denominator. 

Thus, f and \ are proper fractions; and {, f, and ^f <> are improper 
fractions. . 

A number consisting of a whole number, with a fraction 
annexed, as 5f, is termed a mixed number. 



coone c£ Arithmetic, writers seem to be much divided in their oiNnions ; some intxo^ 
dudng it immedifltelj aftor Simple Division, some aher the doctrine of Proportion, and 
acbert at a more advanced part of the course. The first of these i>ositions is certainly 
the natural one, both because Fractiona for the most part arise from the remainders in 
Di^sioD, and because on this account they are of the same nature with the quantities 
treated of in the Compound Rules. The prindpal objection to this arrangement is. 
that the study of Fractions is too difficult and intricate to be prosecuted with success by 
Hie tt^jority of pupils, when they have learned only the fundamental rules, without 
huvini acquired that ease and readiness in managing numbers, which are derived from 
more varied aiid eKtended practice. The following article is so composed, that the pupU 
may study it in the place where it stands ; or if the teacher should think it better, after 
Smple Divi^n, after the mercantile rules, or indeed at almost any other part of the 
course before the extraction of roots. It may be observed, in general, that the several 
parts of Arithmetic tend to illustrate each other. Thus, if the pupil have learned the 
<k)ctrme of Proportion, he will more easily and more successfully study Fractions ; and 
if lie have studied Fractions before Proportion, he will be able to acquire a more ex. 
ten<ied and adequate knowledge of the latter. For this reason bis attention should be 
frequently recalled to the rules he has passed j and in this case he should be made to avail 
iilmself of feuch Ulustnitions, as tbe«ul$sequent rules which bs ha« learned may affoird. 



PRACTI0N3. 87 

A SIMPLE FRACTION expresses one or more of the equal 

parts into which a unit is divided, without reference to any 

other fraction. 

A COMPOUND FRACTION cxpresscs one or more gf the 

equal parts into which another fraction, or a mixed number, 

is divided. 

Thus, i h a simple fraction ; but | of ^, and |- of f of If, are 
eompoiuid fractions. Compound fractions have the word 9^ interposed 
between the simple firactions of which they are composed. 

A COMPLEX FRACTION IS that which has a fraction either 
in its numerator or denominator, or in each of them. 

Thus, -^, --, and -^, are complex fractions. 
9 9f 6f 

For the definitions of several other terms that will be employed kk 
what follows, see tlie first Note in page 24. 

It is of the greatest consequence that the pupil should acquire a cor- 
rect idea of the nature of fractions, on commencing the study of this 
important part of Arithmetic The following illustrations may perhaps 
be found useful in assisting him in this respect. 

Fractions generally have their origin from the divitton of a number 
by another which does not measure it. Thus, if £13 be divided by 5^ 
the quotient is £2, with a remainder of £3 to be divided by 5. To 
have an accurate idea of the nature and value of the latter part, we are 
to conceive £3 divided into 5 equal parts; and, by the nature of divi> 
sion, any of these parts will be its correct value. Each of these parts 
is evidently less than £l, the unit under consideration, and is therefore 
called a fraction, from its being, as it were, a broken part of the unit 
or integer. Arithmeticians have agreed to denote it, as has been 
already remarked in Division* by the expression ;tf» which may be 
read, (yne-Jifth of £3. In like manner, the quotient of 4 cwt. by 7, is 
expressed ^ cwt. and may be read one-seventh qf 4 cwt. 

Resuming the former fraction, if we suppose each pound to be di- 
vided into 5 equal parts, S being the number of units in the divisor, 
each part will be one-fifth of £1, and in ^S there will be 5X3, or 15 
such parts. Dividing these by 5, we obtain S of these parts, or three- 
fifths of £1, for the value of the fraction : whehce it appears, that onO' 
^Ui vf three pounds is equivalent to three-J^ths of one jwund; and in a 
similar manner it would be shown, that whatever may he the integer, 
one-fifth of three is equivalent to three-fifths of one, or three times the 
fifth part of one ; one-seventh of four to four-sevenths of one, &€. 
"When fractions are considered in the abstract, without reference to any 
particular integer, we say briefly four-sevenths, instead of four-seventhis 
of one; the former expression being understood to be equivalent to the 
latter. Hence we see, that the two definitions of a fraction given in 
the text, though tHey suggest to the mind ideas which arf appiirtjntly 
d^B&tent, are in effect the same. Agreeably to eitlier, the Ibw<;r num- 
hfU'tmy properly be called the denominator, as it gives nank^ (^ucli aa., 
40^ IINkctU^ &c.) to the parts into which the integer is divided t aif# 
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agreeably to the first definition in the text, the upper number is called 

the numerator, as it numbers die parts expressed by the fraction. 

According to these views, every fraction would have its numerator 
less than its denominator, and would consequently be less than its umt» 
as its pame imports. Such a view is too limited however to answer the 
general purposes of calculation ; >aud it is often necessary to consider 
as fractions, quantities which equal or exceed tlie integer; or which 
indicate the quotients of numbers not only by greater, but also by equal 
or by smaller numbers, without the division being actually performed. 
Quantities; of the latter kind are therefore called improper fracti»ns ; an^ 
for the sake of distinction, others, in respect to them, are called proper 
jfractions. It is evident, from either view of the nature of a fraction, 
tJiat it is less or greater than a unit accordingly as its numerator is less 
or greater than its denominator, and that it is equal to a unit, if its nu- 
merator and denominator be equal. 

In addition to the preceding illustrations, it may be proper to state, 
that fractions are of the same nature as the subordinate quotients in 
Compound Division. Thus, if £27 be divided by 20, the quotient is 
£l 7, or jgl^ each expressing precisely the same quantity, and e^Mrh 
of the 7 remaining pounds being reduced into 20 equal parts in each 
case. 

From these principles we may readily derive some of the chief pro- 
perties of fractions. For this purposi^ let us compare the fractions ^ 
and •^^ the deijlkninator of the second of wiiich is treble of tlie deno- 
minator of the first, while their numerators are the same. Now it is 
easy to see that the former is three times as great as the latter : for in 
the former, the integer 2 is divided into 5 equal parts, while in the otiier 
it is divided into three times as many equal parts ; and consequently, 
each part in the latter case, is only one-third of each part in the for- 
mer ; that is, the fraction -^ is one-third of tlie fraction |. Hence, it 
appears, that by multiplying the denominator of the fraction ^ by d» 
we obtain a fraction equaJ to one-third of ^ ; and thai by dividing the 
denominator of the fraction -^ by 3, we find a fraction equal to tliree 
-times yV Now, since, by the preceding illustrations, the quotient at 
2 by 15 is tlie same as two-fifteenths, the product of -j?^ by 3 is six- 
fifteenths, in the^saroe manner as the product of 2 shillings by 3, is 6 
shillings; aod since -^ is one-third of f, and also one-third of -^ it 
follows, that -fg must be equal to f . Hence, by multiplying each term 
of the fraction f by 3, we obtain an equal fraction -^ ; ^nd by dividing 
.each term of the fraction ^ by 3, we get an equal fraction |. We ses 
also, that by multiplying the numerator -^ by 3, we obtain a fraction 
8 times as great as -f^; and by dividing the numerator of the fraction 
r^ by 3, we find a iraction which is equal to one-third of j\. It is 
evident, that similar properties might be proved in a similaf manner to 
hold respecting any other fractions; and hence we have the following 
important properties which belong to all fractions: 

1. If the terms of any fraction be both multij}liedf or both divided by the 
same number, the valne of the fraction is not changed* 

2. A fraction is midtyylied by any nun\b&r either by multiplying its nunxe- 
.tmtor, or diidding its denominator, by that number. 

3. ^ fraction is divided by any number either by dividmg Us num^atois 
.igr xnMplyinfi iJt^ 4^n6}mJwtor, by that number. 
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4. It appears also, from the principles here explained, and fr^m the 
principles of proportion, that j^ two Jractiont be equal, the numerator tjf 
the (me is to its denonunatory as the numerator of the other is to its denom^m 
nator ; or, by inversion, that tlie denominator of the one is to its numeral 
tor, as the denomimUor of the other is to its numerator. 

The same operations can be performed on fractional as on integral 
quantities. Hence, the doctrine of Fractions comprises Che AddiHoHt 
Multiplication, Subtraction, and Division, of Fractions. Before entmng 
on these operations, it is proper to show how such quantities may be 
modified, without changing their value, so as to fit them for the severa2 
operations to be performed on them, and for the different uses to which 
they are to be applied. This will constitute Reduction of Fractfsms,* 
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Problem I. To Jind the greatest common measure of ttoo 
given numbers* 

Rule. (1.) Divide the greater number by the less* (2.) 
If there be a remainder, divide the less by it ; and thufi 
proceedi always dividing the last divisor by the last remain- 
der, till nothing remains. The divisor.^hich leaves no re* 
mainder is the common measure requured. 

If in the operation any divisor be a prime number, and 
leave a remainder, it is unnecessary to proceed farther, as 
there is no common measure greater than unity* 

Exam; ]. Required the greatest common measure of 247 
and 323. 

In this example, the first ronainder is 247)323(1 
76 ,• and the less number, 247, being di- 247 

vided by this, the remainder is 19. Di- "^)247(3 

viding 76, the last divisor, by this, we 228 

find that there is no remainder. Hence, — 19\76^4 

19 is the common measure required, and '-^ 

would be found by division to be contdn- i- 

ed 13 times in 247, and 17 times in 323, 
both without remainder. ' 

» One great class of fractional quantities are called decimal JiracUons from the nacuie 
of their denominators. Hence, Uie doctrine of f^actiona is gcneral^l^ AivitieA \oJLa 
two branches ; dne treating of fractions in general, and Uie other or the pecyl^r n». 
'nagemcnt and properties of decimal fractions. Fractions which aru not dedmalsi urn 
uaui^y eaiitd mdgar^ or eomt>ton fractions. 

f Reduction of Fractions consists of two branches : one which treats of thm chpnffpj 
tJkat may be made in the forms of abstract fractional quantities without changiiq? their 
values ; and the other which treats of fractions as referre«l to particular ilqIUi auoh m 
the denominations of money, weights, and measures. To the fbrmer brtcioti l«tEiilt; 
protatans IL IV V. and yi.j and to tjie other, problem VU. ft& 



90 REDUCTION OF PEAGTIONS. 

Wth respect to the reason of the rule, since 19 i« a measure of 
the last dividend, 76, it must also be a measure of the preceding 
dividend, 247, because 247=3X76+19; and 247 is one of the 
given numbers. Then, since 19 measures 76 and 247, it must 
measure their sum, 323; which is the other given number: and a 
similar illustration is applicable in all cases. 19 is also the greatest 
comfraon measure. For suppose, if possible, a greater munber, 
as 20, to measure 247 and 323; then it is evident, it must mea- 
sure their difference, 76, and also 3 times 76, or 228; and since 
it is supposed also to measure 247, it must measure 19, the dif- 
ference of 228 and 247: that is, if 20 measure.247 and 323, it 
must measure 19, a number less than itself, which is evidently 
impossible: therefore 20 does not measure both the given num- 
bers; and in the same manner it may be shown, that no other 
number greater than 19 eaa measure them; therefore 19 is the 
greatest common measure. The remark which follows the rule 
would be proved in .nearly a sisiilar manner. 

This problem and problem III. bx9 given in this place, becauae, 
though they respect whole ' numben^ they are chiefly useful in the se- 
cond and fourth problems in this article.— <-It is easy to see, that the 
greatest common measure of three or more numbers, would be found 
by applying the preceding rule to two of the numbers; then to the ri>- 
sult and another of the numbers, &c* 

Exercises* Find the greatest common measures of the following 
mfmbers: 



1. 285 snd 465 .... Answ, 15 

2. 532 1274 .... Atisuk 14 

a 888 ^ 2775 .... Answ. Ill 



4. 2145 and 3471 .... Ansio. 39 

5. 1879 2425 .... Answ, 1 

6. 693 ^ 1815 .... AfUw, 33 



A fraction is said to be in its lowest terms, or in its 
SIMPLEST FORM, when it is expressed in the least whole 
numbers possible. 

Problem II. To reduce ajraction to its lowest terms. 

Rule I. (1.) Divide the terms of the given fraction by 
any number that will measure both : the quotients will be 
the numerator and denominator of an ^uivalent fraction 
in lower terms. (2.) Let this fraction, it possible, be re- 
duced in like manner; and proceed thus, till a fraction is* 
obtained for whose terms no common measure can be 
found. 

The application of tins rule will often be facilitated by the fbllowing fli- 
rections and remarks : — 1. If the terms of the fraction end in ciphers, 
cut an equal number from both. 2. If they end each in 5, or one in 
S, and the c»ther in a cipher, divide them both by 5 ; or double them* 
and reject a cipher fipm each of the results, a. If 2 measure therlast 
figure of each ten% it will measure Uie terms themselves. In like 
manner, if 4 measure the number expressed by the two last figures, or 
8 tliat expressed by the three last. 4 in the one case, and 8 in the other, 
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will measure both terms. 4. If 3 or 9 measure the sum of the digits 
of each term, 3 in the one case, and 9 in the other, will measure both 
terms.— iSSse page 36. 

Exam. 2. Reduce \%i to its lowest terms. 

Here, we divide the given terms by 2; 9) 3) 

those of the result by 9; and those of that 2))S(=lt=f =!• 
result by 3; and we see that \%% is equal 

to 14, I, or f. The last of diese has evidently no common mea- 
«ure greater ^an unity; it ii therefore the expression required, 
bdng the simplest form of the given fraction. The same result 
would have been obtidned rather more quickly by dividing by 6 
and 9. 

Bxam. 3. Reduce IH8S ^^ ^^ simplest form. 

Here, two ciphers are cut from the end of 7) 

each term, which is equivalent to the divi- 6)iHI8<=li=l- 
sion of eaidx by 100. The quotients are 
then divided by 6, and the results bv 7, and the fraction is re- 
duced to the fonn t, which is its simplest form. 

The reason ^ this rule is evident from the first of the princi- 
ples established in page 88. 

Exereuet, Reduce the foUowing fractions to their simplest forms : 



7. 'XJTf ••••••••••••• f 



E». Antw. 

10. HI « 

11. «! 4 

12. « « 



Ex. Amia. 
13. -AWr Vft 

1*. vvwm ... t 

15. iViVo^o^ ••• -^ 



• This method of reducing fractions to their lowest terms is very con. 
▼enient and easy in practice, when the terms of the proposed fractions 
are not very large, or when the divisors are readily discovered. It la- 
bours under the disadvantage, however, of not determining, in many 
cases, whether the fraction is in its lowest terms or not ; Mid besidtrs 
its being a process which depends on trial, and which therefore is not 
strictly mathematical, the measures are generally discovered with diffi- 
culty, unless they are some of the smaller numbers. Thus, if the 
fraction fff were proposed, we should readily discover that it may be 
reduced, by division by S, to the form ^^, which we would perhaps 
conceive to be its simplest form, not knowing that it is still farther re- 
ducible by 19, and that the simplest form is .^. The following me- 
thod, though often tedious, is perfect In principle, always reducing tias 
fraction to its amplest form, and not depending on trial. 

Rule. II. (1.) Find, 1^ problem I, the greatest cum- 
men measure of the numerator and denominator. (2.) Di- 
vide them both by this, and the quotients will be the nu- 
merator and denominator of the re<}uired fraction. 

It is often of advantage to cany ttie reduction^ as far, by 
die first rule, as can readily be done, and then to apply 
the second rule to the result. " ^ 
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Exam. 4. Reduce the fraction ^V^ to its lowest tenns. 
In this example, by dividing the denominator by the nmherator, 
the numerator by the remainder, &c. we find the greatest com- 
mon measure to be 97 : and dividing both terms of the given frais 
tion by this, we obtain ^^, which is the equivalent fraction in its 
lowest terms. 

Exam. 5. Reduce -^^^fg to its lowest terms. 
Here, because the terms end in 5 and 0, 5 is a measure, and 
reduces the fraction to ^|4f. This agidn is reducible by 9, be- 
cause 9 n^easures t:ie sum of the digits of each term ; and the re- 
sult is ^f I, which, by the second niie^ is reduced to ^. 

Exam. 6. Reduce ^VeV to its most simple expression. 
We see here immediately, that 6 is a common measure ; for 3 
measures the sum of the digits of each tenn, and 2 must be a 
measure, since the unit figures are even. After division by 6^ 
therefore, the fi-action becomes ^. In applying the second rule 
to this, 55 at the third division is to be divided fay 23, which is a 
prime number, and is not a measure of 55. ^fy, th^efore, wc 
conclude to be the simplest form of the fraction; 2L\d thus we are 
saved the trouble of three or four divisions. 

It may be proper for the pupil to recollect, that 
At the conclusion of eoery operation <t if there be ajraetion^ 
it shctdd be reduced to its simplest form. 

Reduce the following fractions to their lowest terms,; 



Kx. Answ. 

16. m — if 

17. ^t\ t¥j 

18. im m 



Ex, AiuvK 

22- mn tVA- 

23. i^^ ^^ 

24. iilfl m 



Ex, Answ, 

19. nn m 

20. HH w 

Problem III. To find the least common multiple of ttvo or 
more given numbers. 

Rule I. (1.) Arrange the given numbers in succession, 
and find by inspection a number which will measure as 
many of them as possible. (2.) By this number divide all 
the given numbers which it measures, and write the Quo- 
tients and the undivided numbers in a new line. (3.) Pro- 
ceed, if possible, in the same manner with the mitnbers in 
this line; and thus continue th^ process till iio num'ber 
greater than a unit will measure any two or more of the 
numbers last found. (4.) Then multiply all the numbers 
in the last line, and all the divisors employed in tlie Opera- 
tion continually together, and the result will be the com- 
ity multiple required. 
'^lihe work is often much shortened by Tejectiog^ in any 



BvRule'L 
2) 24 10 (9) 32 (6) 45 


25 


3) 12 (5) 16 45 


25 


5) (4) 16 15 


25 



16 3 5 
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line, any number that ia contained without remainder in 
any other number in the same line. 

If no two of the given numbers have any common mea- 
sure greater than unity, their continual product will be the 
least common multiple. 

Rule II. (1.) Find by problem I, the. greatest common mea- 
sure of two of the given numbers. (2.) By this, divide one of 
those two numbers, and multiply the quotient by the other. (3.) 
Perform a similajr operation on the product and another of the 
given numbers. (4.; Continue the process thus with each succes- 
sive quotient, till all the numbers have been used, and the final 
result will be the least cominon multiple required. 

Exam. 7. Required the least common mdtiple of 24, 10, 9, 
32, 6, 45, and 25. 

Here, the g^ven numbers be- 
ing placed in the same line, as 
we see by inspection, that 9 is 
contained exactly in 45, and 6 
m 24, these are neglected. Then 
using 2 as a divisor, we obtmn 
the quotients 12, 5, and 16, 2 X 3 X 5 X 16 X 3 X 5=7200,il«i, 
and we place in the line with 

them the undivided numbers, 45 and 25 : and since the quotient 
5 is contained exactly in either of these, it is rejected. We then 
divide by 3, and obtain the quotients 4 and 15, which with the 
undivided munbers, 16 and 25, are placed in a new line. 4 is 
then rejected as it is a measiu^ of 16 : and dividing by 5, wa 
place in the next line the quotients 3 and 5, and the undivided 
number 16. Then, as no two of these have any common measure 
greater than unity, the three divisors and the three numbers in 
die last line are multiplied continually together, and the product^ 
7200, is the common multiple required. 

By Rule 11. Rejecting 9 and 6 as before, we divide 24 by 2, the 
greatest common measure of it and 10, and we multiply the quo- 
tient 12 by 10: the product, 120, is the least common multiple of 
94 and 10. Then, the greatest common measure of 120 and 32, 
bdn^ 8, we have 32^8=4, and 120 X 4=480, the least common 
multiple of 24, 10, and 32. In the next place, the greatest com- 
mon measure of 480 and 45 is 15; and, since 45>-^15=3^ we have 
480X3=1440, the least common multiple of 24, 10, 32,,and45.r 
Lastly, since the greatest common measure of 1440 and 25 is 5, 
and smce 25-f-5=5, we have 1440X5=7200, the least common 
multiple of 24, 10, 32, 45, and 25, and consequently o£ 9 and 
d, of which 45 and 24 are multiples. 

With respect to the reason of these rules, it is difficult to give a 
strict, and, at the same time, an easily comprehended proor; and 
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for moft learners the. following illustration may perhaps be pre* 
ferable: 

In the operation by the first rule, 2X 12X5X 16X45X25, the 
product of the first divisor and the numbers in the second line, is 
evidently a multiple of each of the given numbers, 24 being con- 
tained in it 5 X 16 X 45 X 25 times; 10, the second number, 12 X 
16X45X25 times, &c Again, 2X3X4X16X15X25, the 
product of the two first divisors and the numbers in the third 
line, is also a multiple of each of the given munbers, 24 being 
contained in it 16 X 1^X25 times; 10, the second number, 3X 
4 X 16 X 3 X 25 times, (since 2 X 15=30, and 30= 10 X 3,-) 32, the 
fourth number, 3x4X15X25 times, &c.: and the illustratioD 
may be extended in a similar manner to the rest of the operation. 
That the given number 6 may be rejected in the operation, will 
readilj^ appear firom considering, that 6 is contained exactly 4 
times in 24, and will therefore be contained without remainder in 
any multiple of 24, and 4 times as often as 24. . In like man net 
It would appear, that 9 may be rejected, as 45 is a nmltiple of it. 
That 5 and 4 may be rejected in the succeedkg lines will be evi- 
dent from this, that they would disappear were the lines that con- 
tain them divided respectively by 5 and 4. 

The proof of the second rule depends on the principle, that ^ 
Iftr prcduct of m^ two numbers be divided by anyfador which is 
common to bothy the qtiotient will be a common multiple of Hie two num- 
bers. Thus, if 48, the product of 6 and 8, be divided by 2, a 
factor of both, the quotient 24, will be a multiple of both, since 
it may be regarded either as 8 multiplied by the quotient of 6 by 
the factor 2, or as 6 multiplied by the quotient of 8 by the same, 
(kctor. Now this being so, it is obvious that the greater the com- 
mon measure is, the less will be the multiple; and consequently, 
the greatest common measure will produce the least common mm- 
tiple. When the common multiple of the two first numbers is 
found, it IS evident, that any number which is a common multiple 
of it and of the third number, will be a multiple of the first, se- 
eond, and third numbers: and thus the reason of every part of the 
second rule is manifest. 

It may be remarked with respect to the practical application of these 
rules, that the second always gives the least common multiple. The 
multiple found by the first is not always the leaU possible; but it will 
be such, if care be always taken to use such a divisor as will measure 
more of the given numbers, than any other divisor would. This rule 
therefore, being ^m easy in practice, is genereJly preferred to the 
other. It may be nrther remarked, that by practice the pupil will 
gradually become able to discover, in many instances, the common 
multiples by inspection, especially when the given numbers are not 
large. 
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Exercises, Required the least common multiples of the follow- 
ing nimibers : 



Exercises. Answ. 

25. 6 10 15 18 90 

26 7 11 13 3 3003 



Exerdtes* Antw. 

28. 63 12 84 7 «... 252 

29. 54 81 63 14 1134 



27. 8 12 20 24 25 .... 600 30. 2 3 4 5 6 7 8 9... 2520 

Problem IN, Any number of fractions having different 
denominators being ^ven ; to Jmd equivalent fractions kav- 
ing a cmnmon denominator. 

Rule I. (1.) Find, by problem III. a common multiple of 
all the denominators : this will be the common denomina- 
tor. (2.) Then, divide the common multiple by the first 
of the given denominators, and multiply the quotient by 
the first of the given numerators : the product will be tbe 
first of the required numerators. The other numerators are 
found in a similar manner. 

Rule IL (1.) Multiply each numerator by all the denominators, 
except its own, and the product will b^ the numerator of the equi- 
valent fraction. (2.) Multiply all the denominators continually 
together for the common denominator. 

Exam. 7. Reduce j, A> tt> and /q, to ilractions having a 
common denominator. 

% Rule I. Here, by 8)360 12)360 18)360 20)360 

problem m. the least com- . . — r-. — , — 

mon multiple is found to 45 30 20 |8 

be 360; and the rest of 5 7 11,9 

the work will stand as in . , — — 

the margin. The cor- 225 210 220 162 

rectness of the 'results ^^ ^ «o ig* j,^ '- 

would be proved by re- '^^ ^* «* ^^^* "^^ 

ducing them to their , 
simplest forms, as the given fraction? would thus be obtained. 
TIius, ^i would be reduced to i; ^% to A, &c 

% Ruie IL 5 X 12 X 18 X 20=21600, the first numerator; 7 X 
8X^8X20=20160, the second numerator; 11X8X12X20= 
21120, the third numerator; 9X8X12X18=15552, the fourth 
numerator; and 8X12X18X20=34560, the common denomi- 
nator. Hence, the equivalent fractions found by this rul^ are 
tH««, %Hi%y HH%y and iiUh which being reduced to their 
lowest terms, would inlike manner, be shown to be equivalent to 
the given fractions. 

In this example the results found by the second rule are expressed in 
numbers inconveniently large; and the same is very generaUy the case 
Hence, the other rule should alwi^s be prefenr^ except idien tiM 
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given denotninalort are prime to eachotfterf that is, when they have no 
common measure greater than a unit. 

With respect to the neaton of these rules, it is evident, that the 

operation by the second is nothing else than the multiplication of 

both the terms of each fraction by vSi the denominators, except 

ita omm; and in this way the rule might have been expressed. 

Thus» the first of the given fractions is |, which by the operation 

' ^ tu ^'. 5X12X18X20 21600 , .. ,. .^ 

1. transformed mto g--^j--_^,or —g^; and this by the 

first o( the properties proved in page 88, is equal to tlie proposed 
fraction |. 

In the first rule, the division of the common multiple by the 
given denominator is evidently nothing else than the finding of the 
niunber by which if both the numerator and the denominator of 
the given fi-action be multiplied, the denominator of the result 
will be the same as the common multiple; and, by the principle 
before referred to, the result will be equal to the given fraction. 
Thus» in the preceding example, when 360 is divided by 8, the 
quotient is 45; by which if botl^ terms of the fraction f be muK 
tiplied, tl^^re resultg H4» ^r ^^^ equivalent fraction reqmred. 

Exercises, Reduce the following sets* of fractions to other frac- 
tions having cominon denominators: *- 

Exercises, Answers, 

31. A, A, \h B* * m, \%h lih f H, til 

32. Wi -f f , ^, |*y, f , -J- •••••.•• TOWU9 TcnToj Toiny> tosV> To^» TfTHTJ 

33. ^J> ^J, ^^, f f, f, ^.•••.. aiV^> ^7r^> Ww> Tji^j Ttuffj a^ryTT 
^*» St* *t> 4«> tottj tt *••••••• sffTo^j ■f«To^> IItSo} 'soiirsi "st'oo 

35. hh h tH ^^(h,^WE, VWs, iWif 

36. H, \h H, tt, ^ H», H%y H%> ^Ur H^ 

•*'• T8o> TooTT* Tiyfpsjf *""***' loooo> Toood> Toboo • 

38. tht 'fro* isj ihzf T***'*'*"' FSo^j ir*aTr> fto^j Fyvrr* fvvo 

39. *, tS» «. A, A, A •.... A^.T^^A. mh A»A> A%, iffo 
***• fr> ■§> A> A> rA> A^"** Tfi^> Tj7> Tafj "Tajj Ara"> Ai" 

Problem V. To r^iwce an improper fraction to a tohole or 
mixed number. 

RuLB« Divide the numerator by the denominator; the 
quotient will be the whole number Fequired: and if there 
be any remf^nder, write it over the given denominator for 
.the fractional part of the requh-ed result. 

The reason of this rule and of that for the next problem, \» evi 
dent from the nature of fractions. 

Exam. 8. Reduce V and « Jo ^ 5ES. 

to whole or mixed niimbets. *)r5. ^ 

60 4mw, 22J, Answ. 
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Exercuet, Reduce the following fracdons to whole or mixed 



numbers: 



Ex, .iiuw 

45. W ^^^ 

46. W 30 



Ex. Answ. \ Ex. Amw, 

41. H 1 *3. VW 20t»5\ 

42. VW 21iH 1 44. ^if^o.... 90,^ 

Problem VI. To ret^c^ a mwc^rf number to an improper 

fraction. 

RuLB. Multiply the whole number by the denominator 
of the fractional part, and to the product add the numera- 
tor; the sum will be the required numerator, below which 
write the given denominator. 

A whole number may be expressed in a fractional form 
by writing a unit below it; or by multiplying it by any 
whole number, and writing that number below the product 
as denominator. Thus, 9=1= V> &c. 

Exam. 9. Reduce 5 H to an improper 12 

fraction. H> Antw. 

ExercUes, Reduce the following numbers to improper fractions : 



Ex. Amw. 

47. I5i V 

48. 3H W 



Ex, Answ. 

51. \Wj5 \m 

52. 19^ >^» 



Ex. Answ. 

49.461 ^l^ 

50. 21iii Hit*' 

Problem VII. To express any given quantity as ajraction 
of another given quantity of the same kind, considered as an 
integer. 

Rule. Make the integer the denominator of the required 
fraction, and the other given quantity its numerator, both 
being reduced to the same denomination, if they be not of 
the same already* 

Exam. 10. Reduce 13/9 to the fraction of £\. 

In 13/9 there are 165 pence, and in £\, 240 pente; the fraction 
therefore is ^if^, which, by reduction to its lowest terms, becomes 
£,\^, The reason of this is evident, since 1 penny is ^^ of a 
pound, and in 13/9 there are 165 pence, or i-f^ of a pound. 

Exam. 11. Express a pound troy weight as a fraction of a 
pound avoirdupois. 

A pound avoirdupois weight contains 7000 grains, and a pound 
troy weight 5760 gf ains. — (See page 39,J Hence, the fraction is 
If^, or in its lowest terms, |4I« 

Hiis rule enables us to find the ratio of two quf ntities. Thus, the 
raUo of 13/9 to £l is that of ^ to li or 11 to 16 ; and a pound avoir. 
dopois is^to a pound troy, as 1 to |4I> ^^ ^ ^75 to H4.*-^{Skf page 89, 
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Exercises, Answers, 

53. Reduce 12/6 to the fraction of £1 | 

54. £32 10 £100 ^^ 

55 2/8J £1 2 9 />^ 

56. „,.>.,,—,.,. Iqr. 20]b8.... ,„ 1 cwt. long weight ..j. ^ 

57. .., a .,...,... 9 hours ,...-..«..-.,..-.-«. 23 h. 56m. 48. ^iWi 

58 2/1 .-^-^ 6/8 ,4 

59. The height of Ben Nevis, the highest mountain in Britain, 
is 4350 feet, and that of mount Ararat 9500 feet: express the 
former as a fraction of the latter in its simplest form. Amw, ^VV 

60. Express 96 pages as a fraction of a book containing 432 
pages. Answ. f. 

61. If one farm contain 37a. 2r. 14p. and another 168a. Or. 
28 p. what is the simplest form of the fraction expressing their 
comparative magnitudes? Answ» ^V 

Problem VIII. To jfind the value of a fraction in the rfe- 
nominations contained in the integer. 

Rule. Consider the numerator as expressing the integer 
taken as often as there are units in the numerator, and di- 
vide it by the denominator. 

This problem is, in strictness, a particular case of the next On ur- 
count of its frequent use, however, it is perhaps better in a separaie 
form. 

Exam. 12. Required the value of £{^. 

Here the integer is £ 1 ; and the numerator, £ s, d, 

being regarded as 4 times that integer, or 7)4 

£4, is divided by the denominator: the quo- 

tient ll/5| is the value of the fraction. The £0 11 54 

reason of the rule is manifest from the nature 
of fractions. 

Ex. 13. Required the value of | of £5 13 9. 

£ s. d. 

Here the integer is £5 IS 9; then, the nu- 5 13 9 

merator expressing three times this quantity, 3 

we multiply by 3, and divide by the denomi- 

nator 8; the quotient, £2 2 7|, is the required 8)17 I 3 

£2 2 11 
Exam. 14. The height of M'Gillicuddy's Reeks, the highest 
mountain in Ireland, is 3610 feet: if a person have ascended 
through % of this space, to what height has he ascended? 

Here, the height of the mountain is the in- ^^^ ^^^^' 

teger; and the numerator expressing three 

times this quantity, we multiply by 3 and di- QMnQon 

vide by 8, and we find for the answer 1353} ^)^^^^ 

feet "* 

1353} feet. 
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Exercises. Answers, 

62. £^ =H/li 

63..£^ =3/9 

64. £^^ =6/9f^ 

65. ^^ shilling. zzlOid. 



Exercises, Answers. 

66. iV foot =5t'3 inches. 

67. /:jlrishmile. = lf.26p.4y.2f: 

68. f of£l 2 9.. r=l3/7| 
69.^Tof^l48 6. z=^80 17 3t\ 

70. % of 175 tons = 145 tons, 16 cwt. 2 qrs. iSf lbs. 

71. The earth revolves once on ita axis in 23 hours, 66 minutes, 
4 seconds; in what time does it perfofm $ of a rotation ? Answ, 10 
hours, 38 minutes, 15^ seconds. 

72. By the articles of the Union of Great Britain and Ireland, 
which took place in 1801, during the first twenty years Britain 
was to contribute \^y and Ireland -^y, of the amount of the pub- 
lic expenrliture. How much did each country contribute in making 
a million sterling? ^TMtt;. ^882,352 18 9i^, and ^117,647 1 2tV. 

Problem IX. To reduce a given fraction to another of a 
lower denomination. 

Rule. As in common Reduction, reduce the given nu- 
merator, considered as an integer, to the denomination to 
which the fraction is to be reduced, and write below it the 
given denominator. 

Exam. 15. Reduce ^tVij^ ^^ t^c fraction of a penny. 
Here, by reducing £3 to pence, and writing 1600 belpw it, we 
have for the required fraction tWyd. which by reduction t6 its 
lowest terms, becomes /^d. The reason of this is manifest, since 
by the nature of fractions, the given fraction expresses a sixteen- 
hundredth, part of £3, and it must therefore express a sixteen- 
hundredth part of the pence in £3, 

^ Exercises, Answers, 

73. Reduce £-^ to the fraction of a shilling ^ shil. 

74. ^ — ,>,.,^ ^ cwt. to the denomination of pounds .... 16| lbs. 
75^ What part of a second is. t oooooo day? ^V 

The converse of this problem, or the reduction of a fraction to a 
higher denomination, is seldom of use. It is performed by operating 
on the denominator in the way mentioned in the rule. Thus, if it be 
required to reduce ^^. to the fraction of a pound, let the denominator 
be multiplied by 20 and 1 2, and the numerator be retained : the result, 
£^^j^, or, in its simplest form, £y^5,j^, is the result required.* 

♦ ITie method of reducing compound to simple fractions will be given in Mnltiplica- 
tion of Fractions, and that of reducing complex fractions to ample ones, in Division uf 
Fractions. These are the natural and proper positions of these problems ; but should 
any teacher conceive their introduction necessary here, with a view to prepare fractional 
quantities for Addition, Subtraction, &c. it will be easy for the learner to turn over for 
tbem to MultiplicaUon aud Division. .. 

F2 .'•. 
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ADDITION OF FRACTIONS. 

Rule. (1.) Reduce the given fractions to others, having 
a common denominator, if they be not such already. (2.) 
When they are in this state, add all the numerators toge- 
ther, and below their sum write the common denominator : 
the result will be the sum of the fractions ; which, if it be 
an improper fraction, must be reduced to a whole or mixed 
number. (S.) If some of the given quantities be mixed 
numbers, the fractions are to be added by the preceding 
part of the rule ; and the whole numbers, with any integral 
part that may be obtained by the adding of the fractions, 
are to be adaed by Simple Addition. 
Exam. r. Add together if, i^, and ^. 

Here, the sum is |f, which becomes, by 14 j) 

reduction to a mixed number, 2y\, or, by 1 1 > 15 

the reduction of the fractional part to its 8 ) 

lowest terms, 2|, the sum required. The ' — 
reason of the process is so obvious as 33 

scarcely to reauire illustration. The first — > 

of the given fractions expresses fourteen- 15)33(2 A, or 2 J, 

fifteenths of the integer; the next, eleven of Answ. 

these parts: consequently, the two taken 
together must express twenty-five of these parts. In like manner 
the addition of any others may be illustratecL 

Exam. 2. Add together 3H> ft > and 6||. 
In this exercise, by reduc- 3|^ .... 1395 ^ 

ing the given firactions to Jf •••• 14-50 > 1800 

equivalent oneshaving a com- 6^ .... J656 ) 

moh denominator, we find -r — « — 

the first to be if^, the se- UtWit 4501 

cond HM> &c« Then, by Answ. 

adding the numerators, we 1800)4501(2 j*^ 

find the sum of the firactions 

to be im, or 2^^, byre- 901 

duction to a mixed number. 

We then write the fractional part beneath the given fractions; and 

i^arrying 2 to the whole n^mbers, we find the required sum to be 

Exerdiet, Answers, 

1. A+^ =« 

2. l+^+«+H+f^ =3M 

3. i+ A+if+ H+H =3^4 

*• i+i+i+^+^+ii^r+T*T =m 

5. i+*+}+H+«+ff +W =«Ti» 
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Exercises, Aruwers. 

6. 1 + ^+*+!+^ - 3if^ 

7. 90i+67f +4«+ 15^+34if 212+^$^ 

8. 5^+73i+37T>i,+i^+lH+2f* 120^* 

9. l+3H+10f+^ 15^ 

10. 7|f +33A+H+4^+10P+^ 57^^, 

11. 3f+12i+13|| , 291|i 

12. 2^+41+5^ 12f* 

J3. ^+t+H IW 

14. i+T^+i \^h 

15. *+M+« l|f 

16. \+^ m 

17. 35,|V+21H+44i+8T^r UliW* 



SUBTRACTION OF FRACTIONS. 

Rule. (1.) Set the less quantity below the greater, and 
prepare them both aa in Addition of Fraction^ . (2.) Then, 
if possible, subtract the lower numerator from the upper ; 
below the remainder write the common denominator, and if 
there be whole numbers, find their difference as in Simple 
Subtraction. (3^) But if the lower numerator exceed the 
upper, subtract it from the common denominator ; to the 
remainder add the upper numerator ; write the common 
denominator beneath the sum ; and carry one to the whole 
number in the lower line. 

The reason of this rule is evident &om the explanations already 
given of Simple Subtraction, and of Addition of Fractions. 

Exam, 1. Exam. 2. Exam, 3. 

From87T\ 73f 25 > ^^ 10^ UK.. 

take 42^ \1^^ 8 ] ^" JH. \\o] '^ 

Rem. 46ft 5QVb 17 6tVi 79 

Exercises, Answ, 

1. f^-^^ * 

2. 3A— IH IH 

3. 12}—101| IH 

4. ^t~h A 

5. 12f|— 9H 3^ 

6. 4s»,— 3^ tt 



Exercises, Answ, 

7. H— A .^... A 

8. ^TT-h ^ 

9. M^--.5S^* ^H 

10. \^^iz tH 

11. 5M— 2^ 3^V^ 

12. iif+si— 9H .... lom 



» IMfl rign, w^t is used to denote the difference of two quantities, without indicat- 
Ing which of them is the greater. In the exercises in which it occurs, therefore, the 
fractions are to be reduced to others having a common denominator, and the lete taken 
from the greater. 
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MULTIPLICATION OF FRACTIONS, 

Rule; (1.) If any of the quantities be whole or mixed 
numbers, reduce them to improper fractions. (2.) Find 
the product of the numerators for the numerator of the re- 
quired result, and the product of the denominators for its 
denominator. 

As a contraction, if a numerator and any denominator 
be the same, reject them ; or divide a numerator and any 
denominator by any number which will measure them, and 
instead of them employ the results. 

Compound fractions are reduced to simple ones in the 
same manner. 

Exam. 1. Multiply i by if. i X if = i%=ii, Answ. 

Here, by taking the products of the numerators, and of the 
denominators, we find for the required result ^^\, or, in its sim- 
plest form, J|. 

Exam. 2. Multiply f by t^. ' f X V'T=^f =i\. 
In this example, as one of the numerators is 7, and also one 
of the denominators the same, by 

neglecting this numerator and de- 4 (7) 4 

nominator, we have j\ for the CO^ TT""!! 

required result, the same as before. 

The reason of this rule will appear evident from * the principles 
established in page 88. Thus, since if is the same as one-nine- 
teenth of 12, It is evident, that the product of f by if is tV of 
its product by 12. Hence it appears, that to find the required 
product, we are to multiply f by 12 and to divide the result by 
19; and by the principles referred to, this will be effected by mul- 
tiplying the numerator by 12, and the denominator by 19; that 
is, the numerator of the final result is the product of the given 
numerators, and its denominator the product of the given deno- 
minators. The contraction evidently produces the same result 
that would be obtained if the terms of the product found by the 
rule, were divided by the number rejected, or by the common 
measure employed in the contraction. 

These principles will assist in removing the difficulty which learners 
often feel in accounting for the product of a quantity by a fraction be- 
ing less than the quantity itself. From what we have seen above, it ap- 
pears, that in every case, in what is called Multiplication of Fractions, 
there is not only a multiplication but also a division. Hence, in the firs^ 
example, since we multiply f by 12, and divide the product by 19, tt«e 
result must ol>viously be less than the multiplicand f. From thif also 
it is evident, that when one factor is less than a utiit, the product Ss less 
thai> the other ; and consequently, when both factors are less than units, 
the product is less than either. 
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Exam. 3. Multiply 17^ by 12}. 

These quantities, by reduction to improper fractions, become 
»§» and V. Then,^^'X V = *tf'=*V% by reduction to its 
lowest terms; and this being reduced to a mixed number, becomes 
227|, the product required. 

Tlie product may also be found, as 
in the margin, without reducing the 
factors to improper fractions. In this 
mode, 12 times |=V> or 10> which 
is carried to the product of 17 and 
12. We have then to find the pro- 
ducts of 17 and f, and of f and }. 
The former is 12|, and the latter i. 227f V, or If. 

The sum of all the three partial pro- 
ducts is 227|, the same as the answer found already.* 

Exam. 4. Reduce the compound fraction f of f of 3^ to a 
simple fraction. 

Here the mixed number 3^ is reduced to y. Then, by taking 
the product of the numerators, 3, 8, and 10; and also that of 
the denominators 4, 9, and 3, we obtain ^^^, or in its lowest 
tenns V*> tiie simple fraction required, which might be reduced 
to the mixed number 2f . In this example, the work might be 
contracted by rejecting the numerator and the denominator 3, and 
by dividing the denominator 4 and the numerator 8 by 4, and the 
same result would be obtained. 



Exerdaes. Answ, 

1. AXH ^» 

2. HXI H 

3. HXif H 

*. AX A ^ji 

5. MX ft T% 

6. MX« m 

7. HXH 5^ 

8. 19^7X1W ..20^W3 

9. 34*^X4H 164iH 

10. 2H X 214 X 21i .,. 10252if 

*!• /tftyXiiftr iVoDO 

12. ^,Xl/rXj iWr 



Exercues, Answ, 

13. 13t^X1H 24^1 

r4.2AXf 2x^ 

15.,-f:,Xl0^i7 T^fflJ 

16.MXH IH 

17. i2^xi2^T \mn 

18. toff H 

19. A of A ^ 

20. 4 of 9t 6if 

21. f off of I off f 

22. f of* of 7 5A 

23.^XT^+fX,^ .... H 
84. x'iX«Xtf * 



DIVISION OF FRACTIONS. 

BvLE (1.) Reduce mixed or whole numb^s to improper 
firacfions, and compound fractions to sunple ones, if any 



* When the pupil has learned the method of aliquot paru, lie viU see, that it nuy 
often be employed with ease and adrantage in the multiplication of fractional quautitiesr 
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such be given. (2.) Then invert the divisor,* or rather con- 
ceive it to'be inverted, and proceed as in Multiplication. 

A complex fraction is reduced to a simple one by divid- 
ing the numerator by the denominator, according to the 
preceding rule. 

Exam. 1. Divide A by A* iV-f-T'i=/A=l?> ^^^^^ 

Here, the divisor being conceived to be inverted, and the frac- 
tions being multiplied, we have for the answer A X V=-AV=i?' 

The reason qf ihu operation will be understood from consider- 
ing, that A is oi^y one-twelfth of 7; and consequently, the quo- 
tient obtained by dividing by A must be twelve times the quotient 
obtained by dividing by 7. We must therefore divide by 7, and 
multiply the result by 12, which is the same that is done by the 
inversion of the divisor. 

From this it appears, that in Division of Fractions, there is in reality, 
both a division and a multiplication. It will also readily appear, that if 
the divisor be a proper fraction, the quotient will be greater than the 
dividend. 

Exam. 2. Divide 5A by 2i. 

Here, 5 A=?f» and 2^= V : we have tharefore for the required 
result, « X A= V X A= W=2if • 

^y the application of the principles established in page 88, a 
fractional number may be more easily divided by a whole number, 
than it is by the general rule. Thus, 

Exam. 3. Divide 75^ by 9. 
Here, 9 is contained 8 times in 75, with the 9)75^ 

remainder 3. Then 3^, by reduction to an ga? 

improper fraction, becomes f ^, which by divi- 
sion by 9, becomes f^, the li^aaining part of the <piotient.f 

Exam* 4. Keqiured the value of the complex fraction —• 

of 

Here, 5|=V> and 6|=V; and Ae simple fraction required is 
V-^V>orm. 

It may be useful on some occasions to know, thai if ^3ne given frac« 
tions be reduced to equivalent ones having a common denominator^ the 
quotfent of the resulting numerators will be the required quotient 
Thus, the fractions in Uie first example are equivalent to ^ and f^ : 

* That if, take its immeral(» ai deDominator, snd Hs dsnominator ai numetator. 
It may be remarked, that the fractton reiultiDg f^om the inversion of another flractton« 
ia called iUmatpnwa/i liiioe Mif lioo fiMma«n wko^ prodmA U a wUt, an caOfd the 
ndpneaUqfeachatker. Thui, y and /j, i «"d f or 8, ar« the leelplrocall t^ 9ach 
other, ai V»X i'i=l. Md 1X8=1. 

f This mode of dividing furnishes an explanation ot the rule in page 87, for finding 
Uie true remaivder in dlvkUnS K>y the Uettm of agiveo divisor. 
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dividing therefore the numerator 10, by the numerator 21, we have f^, 
the same quotient as before ; and thus may all the exercises in this rul^ 
be performed. 



Exerciies. Answ, 

1. ^i-i-H =H 

2. 195»iy-r-2iV =9A\ 

3. h^^U =H 

4. 16ii?-r-tf..... -n-rlU 

5. ^H-i* =m 

6. ^^-it =8i* 

7. 2^-^2ii =zm 

a 19-i-m =mu 

. 9. l-i-T^r. =233i 

10. 2J-5-TTVff — .. =4320 

IK 7^^S =f| 



Exercises, Answ, 

12.4^^15 .=^3^ 

13. i-r-A =2| 

14. A-f-^ =^^ 

15. iof f-^f of f.. =i^§ 

16. if~n =1^ 

17. i4-i =6| 

18. SH-2t =1tV^ 

19. ?^-5-iH .^. =HM 

20. iof l-htof f..=l^l^ 

21. f-f-^— i-f-i^.....=^ 

22. lf-^2i+5i-f-3j.=2H 



THE RULE OF PROPORTION IN FRACTIONS- 

In fractions, in the rule of Proportion, whether Simple 
or Compound, the terms are arranged in the same manner 
as if they were whole numbers; but they are reduced, mul- 
tiplied, and divided by the rules for the reduction, multi- 
plication, and division of fractions. 

When only three terms are given, it is evident from the 
rules for the multiplication and division of fractions, that if 
the first term, after the necessary reduction, be inverted, 
the continual product of the result and the other two teims, 
will be the fourth proportional required. 

The work may also be performed by reducing the first 
and second terms to fractions having a common aenomina- 
tor. The common denominator may then be rejected and 
only the numerators employed. 

Exam. 1. If 34^ cwt. of sugar cost £11 ^^ how much iliiay be 
bought for ^£44-? 

Here, as £11^ : £^ : : 3f cwt.'; or, by reduction to improper 
fractions, as ^W :.^V : V - " ^'^''^'' " ^"''^ 



cwt.; 



cwt.=t 



259X7X7 *~ 12691 
cwt. the fourth proportional required, the value of which by pro- 
blem VIIL page 98, is found to be 3 qrs. UHH l^s. 

Exam. 2. If £i purchase 1| lbs. of indigo, how much may 
be boni^ht for \^ shHling ? 

As £| : ^§8. : : 1^ lbs.; or, by redocing the first term to the 
denomination of shillings, and the third to an improper fractior^ 



V» DECIMAL lRACTiaN& 

,, «. 9X16X11 H. 3X11 H. ' 

« .»•«. ; «8. : : V lb.: i6oxi9x6 '^''•=IOxl9x2 *'*= 
^V\y lbs.; or, by multiplying by 16, =ltl oz» 

Exam. 3. If ^ lb. of tea cost 6/8, what cost ^ tb.? 
As* lb. : i- lb. : : 6/8 : f XiX6/8, or HX6/8, or 6/2^ The 
work may also be as follows, since 6/8= i^V^* or ^i- ^is | lb. : 

^ lb. : : £i : £j^^L^£^^. or by problem VIIL page 98, = 

6/2|. 

Since f=if, and ^=if, the answer might also be obtained 
very easily by the following analogy: — as 15 : 14 : : 6/8 : 6/2 1» 

Exercises, 1. If iV cwt. cost £^y what cost \^ ewt. ? Amw. 
£\ 2 H^ 

2. How much wine may be bought (or ^17 8 4,* if Sj^r gaK 
Ions cost ;€7 7 6? -^twiw. 12|-f gallons. 

3. How much sugar may be bought for ^81 14 6, if 1| cwt» 
cost £ei^^ Ansttt. 19 cwt. 3 qrs. K^H ft>s. 

4.. If i lb, cost its- what cost 2H cwt. ? ^n*w. ^17 6 8. 

5. If the yearly rent of 45 a. 2 r. 20 p. be ^44 jV, what is the 
rent of If acre? Answ, £1 11 7^f. 

6. If 3f shillings pay for 1,^ yard, how much may be bought 
for £6{i? Answ. 42 yds. 1 qr. l^ nail. 

7. What cost 49-^ yards of broadcloth, if 7| yards cost £1 
18 4? Answ. £51 3 IJH- 



DECIMAL FRACTIONS-t 

A DECIMAL FRACTION, Of 3 DECIMAL, IS a fraction whose 
denominator is 10, or some number produced by the con- 
tinued multiplication of 10 as factor, such as 100, 1000, &c.t 

Hence all the rules for the management of fractions in 
general, are applicable to decimal fractions. 

In the notation of decimals, the denominator is usually 
omitted ; and, to indicate its value, a point is placed to the 
left of as many figures of the numerator, as there are ci- 

♦ ITiia, by problem VI L page 97,becomes £l 7-y\ : and £7 7 6 Is equivalent to ^f , 
f The following article on dedmeil fractions is merely an adaptation of the genera! 
principles of fractional quantities, already delivered, to a particidinr and important dan 
of fractions. It therefore contains no principles that can be properly called sew ; but 
rather short and e^y modes of applying those already given. Every operation on deci. 
mal fractions, indeed, may be pe^rmed by reducing them to common fraction^ «i will 
appear hereafter, and then ap^y&g to the results, the rules in the preceding artidet. 
t It will be seen hereafterfMadk^^ ttumbpr which rcsulU from the eonUmted miUii^ 
plication qf any nttmber ag frnfi^^dt caiied a power qf thai factor. Thus, 100 to the 
second power of 10 i 1000, its %d power, Ac, 



^--^ 
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phers in the denominator. Should there not be a sufficient 
number of figures in the numerator, as many ciphers are 
prefixed as supply the deficiency. 

Th«8, T^, x^, ioo?ooo » t^» a»"e decimals; and ^ is written •? ; 
jhp '^i i6<feoo » '00003; f^, 4-75, &c. Hence, conversely, 

The denominator of a decimal, thus expressed, is the 
number denoted by a unit with as many ciphers annexed, 
as there are figures in the given number. 

Thus, -37 is ^5 -004, t^; -00083, ruU^ &c. 

From this notation it is evident, that the figure immedi- 
ately following the decimal point, denotes tenths; the next 
figure, hundredtiis; the third, thousandths, &c. 

Thxis, since 476 is equivalent to 400+70+6, the fraction '476, or 
-A^ is equivalent to iWo -| l38o -h ioW «"" *<> T%+T*y+TX>%ty, by 
dividing the terms of the first of these fractions by 100, and those of 
the second by 10, In a similar manner it would appear, that *709 ^s 
equivalent to seven tenths, no hundredths, and nine thousandths. 

Hence, the values of figures in decimals, as well aslii , 
wliole numbers, are increased in a tenfold ratio by remov^||f^ 
ing them one place towards the left hand, and diminished 
in the same ratio by removing them one place to the right. 

Thus, in the decimal •004, by removing the point one place to the ^'^^ 
^ght« and consequently the figures of the decimal one place to the left, 
wte have -04, which denotes -j-^, or x^^, and is ten tiraes^the given 
fraction, xrfbv > but by introducing a cipher after the point, which re- 
amoves the figures a place to the right, we have '0004 or ^^^^ny, which 
is evidently only a tenth part of the given fraction i^^nsi or i^eo* 
From these principles it will readily appear, that 

A decimal is multiplied by 10, if the separating point be 
removed one place towards the right hand ; by 100, if two 
places; by 1000, if three places, &c.: and, conversely, a 
decimal is divided by 10, if the separating point be removed 
one place towards the left hand; by 100, if two places; by 
1000, if three places, &c.; vacant places, when such oc- 
cur, being supplied in both cases by ciphers* 

Thus, •7248X10=7-248, or 7.^ff; 6*347X^O0b==6S4«7; 6*3X 
1000=6300. Also, 7a-S3-i- 10=7 -833 > •736-f- 100= -00736 ; 7-3-t- 
100= -07 3, &c. It appears also from the same principles, that 

The value of a decftnal is not changed by annexing a 
cipher to tlie end of it, nor by taking one away, as in eacb 
case the significant figures retain the same positions in re* 
lation to the separating point. 

Thus, 'SO^'Sss'SOO, each being equivalent to one halt. 

From this view of the nature of decimal fractions, it appears, that 
ttiiere is in every respect the closest resemblancie between tl»em and whoie 
suaabers ; and hence all operations on decimals are penormnd in «&- 
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actly the same manner as those on whole numbers-— due attention being 
paid to tlte position of the separating point. This last circumstance^ 
indeed, demands the utmost care^ as the point is the characteristic of the 
decimal ; and from what precedes^ it is evident bow much depends on 
its proper position. 

Exercises in Negation and Numeration of Decimal Fractions, 
Write the following fractions according to the notation of deci- 
mal fractions: 

1, Three hundred and six ten-thousandths. 2. Three hundred- 
thousandths. 3. One ten-millionth. 4. One ten-thousandth. 5. 
One tenth. 6. Fifry-seven hundred-thousandths. 7. Two hun- 
dred ten-millionths. 8. Five hundred and nine hundredths. 

Express the following decimal frtictions in words: 

1. '58 I 3. -OO? I 5. 31-73 I 7. -00004 I 9. -034567 
«. -106 4- -0007 6. 3-173 8. -00041 10. -00000011 



REDUCTION OF DECIMAL FRACTIONS- 

Problem I. To reduce a common Jr action to a decimal. 
Rule. (1.) Let the numerator, with a cipher annexed, 
be divided by the denominator, and to the significant figure 
or cipher placed in the quotient, prefix a point. (2.) Then, 
W there be a remainder, annex to it more ciphers, and con- 
tinue the division till nothing remain, or till the result con- 
sist of as many figures as may be thought necessary. 

A given quantity may be reduced to the decimal of an- 
other given quantity of the same kind, considered as an in- 
teger, by first reducing it to a common fraction by problem 
Vll. page 97> and then reducing the fraction thus round to 
a decimal. 

Exam. 1. Reduce yU to a decimal. 512)3000(-00585037i^ 

Here, 3 by the addition of one cipher, 

becomes 30, in which 512 is not contain- 4400 

ed; and therefore a cipher is put in the _— 

quotient, and a point prefixed. "Bytlie 3040 

annexing of another dpher, 30 becomes — 

300y in which the divisor not being con- 4800 

tained, another cipher is put in the quo- ■ 

tient. After this the division proceeds 1920 

in the usual wav, a cipher being added ■ 

each time, and the decim^ is found to be 3840 

•005859375, or t oVoVo¥Ao» which by 

reduction to its lowest terras, would be- 2560 

come ^f^j 'he given fi-actionj and thus — — 
the work is proved to be correct. 



•^3 
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With respect to the reason of the ruley the given fraction, by an- 
nexing to each of its terms nine ciphers, (the number that was 
annexed in the preceding operation,) becomes ^i^^^^^^S^J and 
this, by dividing each term by 512, becomes TMMr^^sn9 which 
in the notation of decimals, is '005859375, the same as before. 
Hence it is obvious, that the preceding reduction is in reality the 
multiplication of each term of the ^ven fraction by 1000000000, 
and tne division of each of the results by 512; and it is evident 
from the principles established in page 88, that the result must be 
equivalent to the given fraction. 

This operation might also be illustrated in other modes. Thus, 
according to the fourth principle in page 89, we should have 512 : • 
3 : : 1000000000 : 5859375, the numerator of the required frac- 
tion; which in relation to the denominator 1000000000 would be 
expressed by '005859375, according to the notation of decimals. 
Another illustration might also be derived from the latter part of 
the rule for problem IV. page 95. 

Exam. 2. Reduce ^ to a decimal. 

In this example, each remainder after 12)500000 

the two first is 8^ and hence the same 

figure must be repeated perpetually. *41666, &c 

Exam. 3. Reduce ^ to a decimal. 

Here, after two figures have been ob- 11)60000 

tsdned in the quotient, the same series — — 

of remainders, and consequently the same *5454, &c, 
series of figures in the quotient, must 

recur; and therefore, were the work pursued, the first two figuren 
of the decimal would recur without end. 

Exam. 4. Reduce 13/8 to the decimal of a pound sterling. 
Here, 13/8=164 pencez=je.ifjz= 
£i^; and £}^, reduced to a decimal, 12)80000 

in the manner already shown, becomes _— - 

ie'68333, &c. The same result may 20)13*6666, &c. ' 

be obtained by writing, as in the mar- ■ 

gin, 13 shillings below 8 pence; then jC*6833, See, 

dividing by 12 and by 20, we find 13/8 
equivalent to 13*6666, &c. shillings, or to ^'68333, &c. as before. 

The first three figures of the decimal of a pound may be found very 
readily, thus : Take half the num>)er of shillings for tlie first figure ; 
and for the other figures increase the farthings in the given pence and 
farthings by 1, if Uiey amount to 24 or more, and by 50, if there were 
a remainder of 1 shilling. Thus, if ld/8 be given, the half of IS is 6, 
and 1 remains ; and in 8 pence there are 32 farthings, whkh exceeding 
^•i, is made 33, and this, because 1 shilling remained, is increased by 
50, and becomes 83 : hence the three first ^gures are ^683. 

A decimal which cannot be exactly expressed, but whidi 
maybe continued to an unlimited number of figures, i*. 
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called an interminate decimal, to distinguish it fix>m 
others, which in respect to it, are called terminate. 

When a decimal is expressed either by the continual re- 
petition of the same figure, or of the number expressed by 
two or more figures, it is called a periodical or a circu- 
lating decimal ; and the figure, or number, so repeated 
is called the period. 

Thus the decimals in the second and third examples are periodical, 
the period in the one consisting of one figure, and tliac in the other of 
two. When only one figure is repeated, the application of the terms 
l)eriod and periodical, though convenient, and perhaps best on the wholes 
is scarcely correct, as each of the terms suggests the idea of more 
figures than one. On this account, some writers -term such decimals 
repeaters, or rejyeating decimals, 

A periodical decimal is said to be mixed, if it consist of 
one or more figures prefixed to a periodical part ; others 
are called pure. 

For the sake of brevity, in writing decimals of this kind, 
it will often be sufficient to write the period but once, and 
to denote its continuation by putting a trait, or stroke, over 
the first figure of the period, and another over the last, or 
one over the repeating figure, if there be but one figure in 
the period. 

Thus, •47333, &c. may be expressed by '473', and '5637637, &c. by 
•56'37-. 

The following considerations will tend to explain still farther the na- 
ture of these fractions. — By the preceding rule we find the following 
resalts: i=-llll,&c.; ^5=-0l0101, &c. ; ^y^5=-001001, &c. ; ^^ 
= •00010001, &c. These decimals are all periodical ; and if any of 
them be multiplied by a whole number, the result will also be period- 
ical. Thus, if we multiply the third by 128, we find^^|=*128I28, 
Sec ; if by 998, we get f|fc= •998998, &c. Here we see, that the 
value of the periodical fraction is the common fraction, whose denomi- 
nator is the number expressed by as many 9*s as there are figures in the 
period, and whose numerator is the period itself: and the same may be 
shown in every case. Hence, we have the following rule :— 7\> Jifui 
the value of a pure })eriodical decimal, take the period Jbr numerator, and m 
maw/ 9*5 as there are Ji^res in theiyeriod, for denominator. Thus, '8181, 
&c=f^T»r5 2^97'=^^=^; •3'=f=J; -999, &c=f=l, &c 

If the decimal be mixed, its value may be easily found by the same 
principle. Thus, if it were required to find the common fraction 
which would produce the decimal '12436436, &c. by multiplying by 
100 we should find \2'4!S&y or 12'ff «. Dividing this by 100, we ob- 
tain, for the value of the proposed fraction, Vife+ otiSo * *>' *>y redua- 
tion to a common denominator, LgXgg?,^, ^^'^^ ^12424 jlIQg^ 

99900 ' 99900 99900 24975 
' From tlws we may readily derive a riile which, will be easier iu ^jra*. 
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tice. For in the last result, siuce 12 is multiplied into 999, or into 
1000 — 1, the product is 12000 — 12 ; to which if the other numerator be 
added, we have for the required numerator 12436 — 12, and the deno» 
minator remains the same as before. From a due consideration of this 
result, we may derive the following rule : To Jind the value of a mixed 
periodical decimal, from the number expressed by ilie Jirdte part vdt/i the 
jieriod armeaoedf subtract the JinHe part for the numerator g and, for the de- 
nominator, to as many 9*« as there are figures in tfie period, annex as many 
djyhers as there are Jigures in the finite part. Thus, to find the value of 
'SS', from 83 take 8, and there will remain 75, and the required frac- 
tion is ^ or|. Again, if •5416' be given, we have 5416f<-541, or 
4875 for numerator, and the fraction is ^^f or ^f. In like manner, 
to find the value of '263^01^ we have for numerator 26301 — 26s=26275, 
and.for denominator 99900. Hence the required fraction is ff|^ ot 
^^^.— 'The value of such fractions may also be found by the summa- 
tion of series, as will appear hereafter. 

By the method thus shown, interminate decimals may be reduced to 
common fractions, and subjected to the rules for managing such quan- 
tities. Unless when complete precision is required however, this is not 
necessary: and indeed in all useful cases their values, instead of being 
found with entire accuracy, are to be approximated, by carrying the de- 
cimals out to as many figures as may be necessary in any particular case. 
In thus approximating {he value of a decimal, if it be carried to two 
jilacesy the error will be fess than a hundredth part of tlie integer; if to three 
places, less than a thousandth; if to four ^ilaces, less than a ten-thousandlh, 
&c. Thus, if the decimal •2'7', be carried only to '27, the error will 
he less than -y^, since the true value is more than j%^, and less than 
.^yiy ; if to the three figures '272, the error will be less than i^^, since 
the true value is greater than ^J^ and less than -j^^j^, Ac. 

It may be remarked here, that when a vulgar fraction is in its lowest 
terms, and its denominator contains no simple factors except 2 or 5, 
(the two prime factors of 10,) the equivalent decimal is finite, but in 
every other case it is interminate. The cause of this is, that neither 10, 
100, nor any similar number, is divisible by any of the nine digits ex- 
cept 2 and 5. It may also be observed,, that the number of circulating 
figures must always be less than the units in the denominator. This is 
ol)vious from the consideration, that the numl^er of remainders difierent 
from each other, which Can arise in any operation in division, must be 
less than the units in the divisor. Thus, in dividing by 7, it is evi- 
dent, that the only possible remainders are 1, 2, S, 4, 5, and 6 ; and 
since, in reducing to decimals, a cipher is annexed to each remainder, 
there cannot be more than six dividends, and consequently, six figures 
in the quotient, all different. 

It may be added, on this part of the subject, that any prime number, 
crcepi 2 and .% ii coniainedt u.ithoiil rcmaiTtdcr^ in the number erjm^rsfiU 
in the common mnalnmj by us tofiny 9's ai ihem nrc Ufiiia-, mvntin^ ttnEy is 
t/i^ prime numher ii^elf. * ThuB^ S is a uieaiiure of 09 ; 7 £>f 99^1,9^9 | 
ftHfl 13 of 999i9&yi99&,D39. It is ensy to show from thi* property, tliat 
eirtfry priao« number, ejrccpt 2, % and 5, i&a nteasute of thiS nmnbcr 

« FtH- s demob«tr:ii9orj^ uf tbe gicnLTut pra[Mi«ltii3A of wbifib tliis Is m i^utieulBr cv^ 
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express ia the common notation, by as many l*s as there are units, 
wanting one, in the prime number itself. Thus, 7 vis a measure of 
111,111; and 13 of 111,111,111,111, &c. It may also be i^marked, 
that while the prime number is always a measure of the number expres- 
sed by the number of 9's or Ts above specified, it is sometimes con- 
tained exactly in the number expressed by one-hal^ one-third, or some 
other submultiple, or exact part, of the number of those figures. Thus, 
while 11 is a measure of 9,999,999>999, it is also contained exactly in. 
99» the number expressed by two (one-fifth of 10,) 9*s ; and 13 is a mea- 
sure of 999,999, or 111,111. 

Sxer6hes, Reduce the following fractional quantities to decimals : 



Exercises, Ansiveru 

1. ^ '4375 

2. ^T , -09375 

3. nfe, -0048828125 

4. H -275 

5. ^ •0'7692y 

6. tV •583' 

7. ^ •0ra4895' 

8. T,y^T •0'0059994' 



Exercises, Answers, 
9. ^ -0^4^ 

10. f^ •4'683544303797 

11. TsU •0^044' 

12. TnjVs •(y00444' 

13. -^ •0'2439' 

14. \ -r 

15. ^ •0'12345679^ 

16. -^ •022'7' 



Exercises, Ansivers, 

17. 10/9 to the decimal of £\ -5375 

18* 0/lOJ £1 -04375 

19. 17/7 ^1 •87916' 

20. 3 r. II p an acre -81875 

21. 2 qrs. 8 lbs .,-_cwt •5^71428^ 

22. 37 perches, ^ ^^ mile : -115625 

23. 3 hours, 30 minutesy^,^ day -14583^ 

1^4. 15 minutes, 30 seconds, hour -2583' 

25. I6/8,„.,^ , £\ 2 9 •7'38600' 

26. -3 c. 1 q. 7 lbs. ton -165625 

27. 6#d . shilling •5416' 

Ex. 28. If the diameter of a circle be 1, the circumference is 
3^ nearly, or 3t^ more nearly. Express each of tliese decimally^ 
Answ, 3-l'42857', and 3-1415929, &c. 

29. If the cu*cumference of a circle be 1, the diameter is ^ 
nearly, or |^ more nearly. Express each <^ these decimally. 
Answ. 'SV&y and -31830^859, &c, 

30. An English acre is iH o^ an Irish acre: required the equi- 
valent decimaJ. Ans;^, -61734693877551, &c. 

31. Reduce a quarter of wheat contnnmg 456 lbs. to the decimal 
of a hundred weight. Jniw. 4-07'14285'. 

32. The old Irish liquid gallon contained 217*6 cubi^ inches, 
and Uie old English wine gallon 231. l^educe the former to the 
decimal of the latter. Answ, -94/19913'. 

m Tb« circumfieTence true to twenty decimal placet, U 3141592651 
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Problem II. To find the value of a giv€7i decimal in the 
parts contained in the integer. 

Rule. Multiply the given decimal by the numbers which, 
were it an initeger, would reduce it to the lower denorama- 
tions contained in it, and, after each multiplication, point 
off for decimals as many figures towards the right hand as 
there were 'figures in the given -decimal. The figures re- 
maining on the left will express the required value. 

Exam. 5. Required the value of *3945 of a 6»y in hours, &c« 



Here, the given decimal is multiplied 
by 24j the number of hours in a day, and 
four fibres beins cut off towards the 
right, it appears mat '3945 d^ is equal 
to 9i*oWg or ^tV^^ hours. The deci- 
mal *^8 (the cipher being omitted, see 
page 107,) is then multipUed by 60, and 
three figures being cut off, there result^ 
28*080 or 28*08 minutes. By continuiiijg 
the process, the value of the given deci- 
mal is jgund to be 9 h. 28 min. 4 sec. 48 
thirddflkWith respect to the reason of 
this pmcess, it is only necessary to ob- 
serve, that it is exactly the same as find- 
ing the value of V^ftj^^ day by problem 
VIII. page 98, the pointing off of the 
decimals serving the purpose of dividing 
by the denominator. 

Exam. 6. Required the vduc of ^£'5937. 
Here, by multiplying by 20, we find, 
that the given decimal is equivalent to 
11-1^^ shillings. Then, by multiply- 
ing by 12, we find '8748. to be equiva- 
lent to 10*488 pence. In like manner, 
•488d.i8 shown to be equivalent to l^^^ 
farthing, or a halfpenny, very nearlj^; 
and consequently, the required value is 
11/lOJ, nearly. 



•3945 day 
24 



15780 

7890 

9*4680 hours 
60 ^ 



28*080 minutes 
60 

4*80 seconds 
60 

48*0 thirds. 



^*5937 

20 

11*8740 shillings 

12 

10*488 pence 
4 



1*952 farthings. 

Atuw. 11/ 10 J, nearly. 

'The following rule Is easy and useful in practice :— -To Jind tfie valng 
vf the decimal ^ a pound sterling to the nearest farthing ; fUJ Take a Ji/lh 
of the number expressed iy the tivo Jtrst Jlgures of t/te decimal, for the ihil- 
tings of the result : (2,) Diminish the number expressed bj/ the remainder 
wUh the third figure ^ tlie decimal annexed, by a twentr^fifUi of Use^, and 
what remains will be the farthings in the rest of the reqvired vttbt^ That, 
in finding the value of £*5937, the fifth part of 59 is 1 1, the shiHingsbf Um 
answer ; the remainder is 4, which being pi«fixed to 4, (the third figure In- 
creased by a unity becaivie the next figure 7, ia greater than five») we have 
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114 REDUCTION OF DECIMAL FRACTIONS. 

44, the twenty-fifth part of which is more nearly 2 than 1; we therefore re- 
icct 2, and have remaining 42 farthings, or 1(4; and hence, the annwer ig 
1 1/10^ nearly, the same as before. With respect to the reason of this 
process, it is evident that the given decimal is more nearly equal to 
-5940 than *59S0; we use therefore the former, or its eqUal ii94. Now 
this is equivalent to '55+ '044, the value of the former part of virhich 
would be found by the general rule for this problem, by multiplying by 
20 and dividing by 100, which is the same as divifUng by 5, since 20 
is one-fifth of 100. Then, for the value of £-044 or jC^^^-^ by di- 
minishing the denominator by one twenty-fifth part of itself, we have 
960 ; and by diminishing the numerator by a similar part of itself, we 
have 42 nearly ; hence S^^^js nearly equal to dC^^, or 42 farthings, 
since jC^^^jseI faithing.— 'Practice will soon enable the learner to csti- 
mate with sufiicient correctness, the effect of the fourth figure of the 
decimal, in respect to the quantity to be rejected. In this example, in- 
stead of using 44 farthings, we might use 43*7, and it would be easy 
to see, that the twenty-fifth of this would be about 1*7 ; and rejecting 
this, we should have 42, as before. 

Exam. 7. Required the value of •805'of a yard in long mea- 
sure. 

This, and similar exercises, may be •8055' of a yard, 

wrought either by converting the pro- 3 

posed decimal into a common fraction, ^ 

in the v?ay shovjrn in page 1 1 1, or more 2*4166 feet. ^ 

easily by employing an approximative 12 

process, as m the margin. Here, we ■. 

carry 1 to the product of 3 and 5, be- 4*9999 inches. 

cause, had the decimal been continued 

farther, it is evident 1 must have been Answ» 2 feet, 5 inches. 

carried from the preceding product. 

For a similar reason, 7 is carried to the product of 12 and 6. The 

result is found to be 2 feet, 4*9^ inches, which is equivalent to 2 

feet, 5 inches. — fSee page 1 10.^ Another 5 was added to the 

given decimal, that the result might be more distinct and certain. 

Exercises. Required the values of the following decimals; — 

Exercises, Answers, 

33. -0675 of a cwt. 7^ lbs. 

34. -4625 of a ton 9 cwt, 1 qr. 

35. je-0484 llxVyd. 

36. -8845 of an acre 3 r. 21^ p. 

37. -00213 of a day 3 minutes, 4^15 sec. 

38. £'T 15/6^, nearly. 

39. •2'85714' of a cwt ^...., ^ 1 qr. 4 lbs. 

4b. *113^0' of a mile 36 perches, 2 yards. 

4J. '615 of a shilling 7i^d. 

4^. jE-483'5' 9/8 nearly. 

43. -2385 of a degree W 18" 36^" 

44. *63^I2' of a cwt. Icmg iveight 2 qrs. 15) lbs. nearly 
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Exercita. Answers, 

45. £•06' ^ 1/4 

46. -47916' lbs. troy ....^ 6 oz. 15 dwts. 

47. £•43^8' .^ 8/6}, nearly. 

48. -4375 of a shilling 5{d. 

49. "09375 of an acre p 15 perches. 

50. •¥ foot, long measure ,,^ ......^ Scinches. 

ADDITION OF DECIMAL FRACTIONS. i 

RuLB. (1.) Arrange the given numbers so that the sepa- ^ 

rating points may all be in the same column. (2.) Find 
the auift as in Simple Addition. (3.) Point oflP as many 
places of decimals, as there are in the given number which 
contains most. 

If any of the given numbers contain periodical decimals, 
let these be carried out to as many places as there are in 
the longest of the finite decimals; or, if greater accuracy 
be required, let them be carried as far as may be judged 
necessary. 

In the application of decimals to practical purposes, it is generally 
known, from the nature of the case under consideration, to how many 
places it is necessary, that the result should be true. fThen a result is 
thus required to be true to an assigned number of places oj decimals, it is }m>- 
per to ccCtry the decimals which consist of more places, to at least one place 
beyond the assigned number, and to reject the last Jigure, In this case, it 
is proper to observe, that when a decimal is not carried out to its full length, 
the last fgure of the part retained, should he increased by a unit, if the suc- 
ceeding figure be 5, or grater than 5. 

Exam. 1. Add together 81-4632, 9-75, and 47-388. 

Here, the numbers are arranged as in 81*4632 

the margin, and added as in common 9*75 

Addition. The reason of the arrange- 47*388 

ment and operation is manifest, those 

figures being added together which ar6 of 138-6012, sum. 

the same local value. 

Exam. 2. Add together 3-7'3', -873, 51-7', 108-2, and 73-463128, 
•o that the result may have four places of decimals true. 

In this example, the first, third, and 3*73737 

fifth numbers are carried to five places, -873 

each, and the last figure ol the third is 51-77778 

made 8, because the next figure would 108-2 
be 7, In like manner the fifth figure of 73*46313 

the last line is made^, because the sue- 

needing figure is 8. ^The reason of this 238*0513^ sum, ' 
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is evident, since 30 is nearer 28 than 20 is, and 30, by t^ JB^ 

jecdon of the last figure, becomes 3. In the addition, 0e iKn 

of the last column is 18, from which 2 is carried, 1 

nearer 20 than 10. — The correct sum, found by carry 

mals farther, is 23805 12795' J', which by retaining onlyi 

of the decimal, and increasing the last of them by a ui£ 

it is followed by 79, &c. becomes 238*0513, the same asl 

Exermes, 1. Add together J-83, 5-674, -3125, 18-3, 10C^8'62, 
4-3957, and -5. Antm, 169-6322. 

2. Required the sum of 93-617843^ 7-836, 12-25, -71375, 4-391, 
7-839, 3-7674285, and -8693, Amw. 131-2843215. 

3. Required the sum, true to six places, of 51-25, 3"4', -63'7 , 
7-885', 7-875, 7-8^75', and IM'. Answ. 90-0793^60724'. 

4. Required the sum of -7354, -7^4', •735'4', -7'3S4', -07354, and 
•0735'4', Answ. 3-088857'991'. 

6, Add together -3, -3', -45, -4'5', -3'51', -6468, -6468', -646'8', and 
•64'68'. Answ. 4'47663'45618'. 

6. Add together •S', •8'7', and -8'76'. Answ. 2-6'44553'. 

7, 8, and 9. Required the sum, true to five t>laces, of the num- 
bers given in exercises 5th, 6th, and 13th of Addition of Frac- 
tions, the several fractions being previously reduced to decimals. 
Anno. 6-0078125, 3-907'14285'^ oand 1'561011'90476'. 



SUBTRACTION OF DECIMAL FRACTIONS. 

Rule. (1.) Set the less number so that each figure in it 
may stand below a figure of the same local value in the 
greater. (2.) Then find the 4i^ercnce as i^. .Simple Subtrac- 
tion, and place the separating point as in Addition of De- 
cimals. / ' 

Exam. 1. From 3-5'4/ take 1-34265. ^ 

3-545A5 
Here, the greater number is ex- . 1-34265 

tendftd, and the remainder is found — — __ 

to be 2-202804'5', - ^ ^ 2-202804'fi', diC 

Exam. 2. Required the diflerence of ^*and-2-7'. 

Here, th^^ss number is carried to- From 8*6 

four places, xfi| the true answer may Take 2-7777 

be discovered with greate|r certainty. ' 

In the subtraction, cijphtts are con- . Rem. 5*8222 
ceived to be annexed ^a the ereater 

number, and 1 is carried to 3ie rcpeatii^ figure first used, be- 
cause this must have been ^on^ had Uie less number been carried 
one place farther. The aaslrer is found to be 5*82'. 
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Exerciset, Answers, 

1. 3-468— 1-2591 =2-2089 

2. 6-45— 1-34^5' =5-104'5' 

3. 56-4297— 29-68534=26-.74436 

4. 34*528—10-63475. =23-89325 

5. -682— -09647 ='58553 

6. 13-6'— 4-345 =9-3216' 



Exercises, Anstuers, 

7. 5-83— 4- 1'7'.... =1-658^2' 

8. 17-4'- •4/8'.,..=16-9'5' 

9. 3-3'42'— 1-7'5'. = 1-^84766^ 

10. 17|— 7f* =9-94642857 

li. 7A— 4A =2-9617521 

12. 15tS — 13A-. =1-8188235 ^ 



MULTIPLICATION OF DECIMAL FRACTIONS.: 

Rule L Multiply the factors as in Simple Multiplication, 
and point off in the product as many places of decimals as 
there are in both factors, supplying the deficiency, when 
any occurs, by prefixing ciphers. 
Exam. 1. Multiply -582 by 66-3. 

Here, because there are three places '582 ^ 

of decimals in the one factor, and one 66-3 

in the other, there must be four places . — »— 

of decimals in the product. 17^6 

The reason of the rule will *be under- 3492 

stood from considering, that Vhen the 3492 

denominators are supplied, the first fac- ■ 

tor becomes -t^y and the second 66^*^, 
or "V^, which, by the rule for the mul- 



tiplication of 



eafe, tl 



ns, page 102, give for product 



38-5866, product, 
582X663 



10000 ' 
wh^ce it appeafe, that the product of 582 and 663 must be di- 
vided by 10000, 'which is effected by cutting off four figures. It 
is evident, that J;he divisor must contain as many ciphers as there 
are in bptk denominators; that is, as there are decimal %ures iu 
both factors. 

Exam. 2. Multiply -l^by -7. 
Here a ciph^ must be prefixed to the pro- 
duct 91, as there are two places of decimals 
in the one factor, and one in the other. 

Exercises. Mnswers. Exerdtes, 

fe^-78 X -42 =-3276 4. -144 X -144 ....... ='02073 

2. 7-8 X 4-2 =32-76 5. 105 X 1*05 X 1-05=1-15762 

a ^49X63-1..^.... =472-619 6. 36-4ax-475 =17-328 

Exerdseis, Answers, 

7. -ix-iX'iX'ix-i •^••— t=-00001 

8. 13-825 X 5-128 ...^•*M .•... »70-8946 

9. -OSX-OSe ^ •.. =-00288 

_ __ _4 : 1— ^.I.,--^ 



•13 
•7 

•091 

Answers^ 



« In U^ exardie«Md th« two next, tHe^iven tnq^ioaitf* t 
and the diflferance taken MCordios to ^ xvl* 



) be f educed to deeinifUft,. 
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Exercises. Answers, 

10. -31 X -32 =-0992 

11. 3*18 X 41-7 =132-606 

12. 62-38X7.. =436-66 

When the number of decimal figures is great, or the factors numer- 
ous, the decimal figures resulting from the application of the preceding 
rule, are, la many cases, unnecessarily and inconveniently numerous. 
The following approximative rule will be found extremely useful in 
such cases. 

Rule IL (1.) Count off, after the separating point in the 
multiplicand, (annexing ciphers, if requisite,) as many figures 
of decimals as it is necessary to have in the product. (2.) 
Below the last of these, write the unit figure of the multi- 
plier, and write its other figures in reversed order. (3.) 
Then multiply by each figure of the multiplier thus inverted, 
neglecting all the figures of the multiplicand to the right of 
that figure, except to find what is to be carried ; and let all 
the partial products be so arranged, that their right hand ^ 
figures may stand in the same column. (4.) Lastly, from 
the sum of these partial products, cut the assigned num- 
ber of decimal places. 

In carrying from the rejected figures, we should always 
take what is nearest the truth, whether it be too great or 
too small. 

Exam. 3. Multiply 7*24651 by 81*4632, so tliat there may be 
only three places of decimals in the product. 

Here 1, the unit figure of the multiplier, is written below 6, 
the third decimal figure of the multiplicand; 8, the figure which 
precedes I, is written after it; 4, the figure which follows it, is 
set before it, &c. We then say, 8 times 
6=4«0, and 1, carried for 8 times 1,=41: 7*24651 

1 is then set down, and 4 carried, and the 2364*18 

rest of the multiplication by 8 proceeds in — — 

the usual way. Then, in multiplying 7*246 579721 — 

by 1, we add 1 to the product for 51, be- 7247 — 

cause 51 is nearer 100 than 0, and there- 2899 — 

fore it is nearer the truth to carry 1 than 435— 

0. In multiplying 7*24 by 4, three is car- 22 — 

ried for the product that would have* re- -1 -|- 

sulted for the rejected figures : for going . 

two places back, we have 4 times 5=20; 590*325, product. 

4 times 6=r24, and 2z:26, which being 

nearer 30 than 20, we carry 3. For a similar reason, in multiply- 
ing 7*2 by 6, we carry 3 from the rejected figures; and thus we 
proceed in similar cases. In finding what is to be carried for the 
rejected figures, it is generally sufficient to go one figure back ; 
but in doubtful cases it is betteir to go farther. 
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The reason of the preceding operation will 7'2465 1 

be seen from the adjoined work at full length, 81*4632 

in which a vertical line is drawn, cutting off 

•he part rejected in the abbreviated process. 1I4493Q2 

The result in this way is 590-323, or rather 21 173953 

590'324, on account of the following figures, 434 7906 

and is less by a thousandth part of a unit, 2898 604 

than the result before obtained. The rea- 7246 51 

son of this difference is, that all the partial 579720 8 

f)roducts in the contracted mode, except the __ ■ 

ast, happen to be rather too great. If, as 590*323 893432 

in the preceding example, the results which 
are too great be marked by the sign — , and those that are too 
small by +, it may enable us in some dpgree to judge of the ac- 
curacy of the result, as we may suppose it to be nearly correct, 
if the .number of the signs of each kind be nearly the same, since 
the excesses and the defects will then probably balance each other, 

Exam. 4. Multiply -681472 by 
•01286, so that the decimal in the •681472 

^product may contain five figures. 68210*0 



In this example, since the multipli- 
er contains no integer, a cipher is 
placed below the fifth figure of the 
multiplicand; and then, the multiplier 
being written in reversed order, the 
work proceeds as in the last example. 

Exam. 5. Multiply 7-94/ by 3*69, 
BO that there may be four places of 
decimals in the product. 

Here the multiplicand is carried out 
to four places, and by a process simi- 
lar to those which precede, the answer 
is found to be 29*315, which is quite 
correct. 

Exercises, 



681 + 
136+ 
55—. 

^ + 
•00876, product, 

7*9444/ 
96*3 



238333 

47666 

7150 



29-3150, product. 
Answers, 

13. 1*123674 X 1-123674 to 6 places =1-262643 

14. 7-2'85714/ X 36*74405 to 6 places =267-706650 

15. 24*6^3' X -2347 to 6 places =5-78215'4' 

16. -863541 X "10983 to 5 places =-09484 

17. -1347866 X -288793 to 7 places =-0389254 

18. -26736 X -28758 to 4 places =-0769 

19. 2*656419 X l-7'23' to 6 places =4-578932 

20. V&&X l-4'8' to 5 places =2-45975 

21. -053437 X -047126 to 6 places =-002521 

22, 23, 24, 25. Kequired the product, true to six places of (fe- 
simals, of the luimbers given in exercises 4, 6, 14, aod 17 in 
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Multiplication of Fractions; tl^e several fractions being preyioudjr 
reduced to decimals. Answ. •113445, •4674fi0, 2-393162, ami 
130-289438. • 



DIVISION OF DECIMAL FRACTIONS. 

Rule. (1.) If the divisor and dividend do not contain 
the same number of places of decimals, supply the defici- 
ency by annexing ciphers, or in a periodical decimal, the 
next figures of the period. (2.) Then rejecting the sepa- 
rating points, divide as* in whole numbers, and the quotient 
will be a whole number, p.) If there be a remainder after 
all the figures of the dividend have been employed, ciph^s 
or periodical figures may be annexed, till there be no re- 
mainder, or till as many figures be found as may be judged 
necessary. , Tlie part of the quotient thus obtained will be 
a decimal. 

If after the rejection oMhe separating points, the divi- 
sor be greater than the dividend, the quotient will contain 
no whole number, and the work will proceed according to 
the rule for problem I. in Reduction of Decimals. 

When the divisor is large, the work will be shortened, if, 
instead of annexing a Cipher or periodical figure to each re- 
mainder, a figure be cut off from the divisor. In this case, 
each product is to be increased by carrying from the pro- 
duct of the figure last cut off, and of the figure last placed 
in tlie quotient. 

It may facilitate the use of this contraction, if after die rejection of 
the separating points, so many figures be annexed to the divisor and di- 
vidend, or taken from them, that tlie divisor may contain one, or for 
greater accuracy, two figures more than are required to be in the quo- 
tient. Other (Erections might be given ; but the following examples 
and illustrations will perhaps be preferable. 

Exam. 1. Kvide 1346*5 by 43'68. 
/^ Here, by annexing a cipher to the dividend, and rejecting tbe 

points, we have for divisor 4368, and for dividend 134650. Hence, 
^/^ dividing in the common way, we find 30 for the integral part, and 
annexing ciphers to the reioalnders, and continuing the operation^ 
we get !826465, &c; and the entire answer is 30*826465, &c. The 
work is left for the learner to perform. 

With respect to the reason of the operation, the value of 1346*5 
is not changed by the annexing of a cipher; and the removal of 
the points merely multiplies each of the given numbers by 100.— 
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fSce page 107,J It is evident therefore, that the value of the 
quotient will not be affected, since, while the dividend is multi- 
plied by 100, the divisor is increased in theijame ratio. We might 
also consider the dividend as the numerator, and the divisor as the 
denominator of a fraction ; and then the reason of the process 
would depend on the first of the principles established in page 88. 
The reason of removing the points, is to make the dividend and 
divisor whole numbers, and thus to render the operation as much 
as possible the same as in Simple Division. 

Exam. 2. Divide 434.2 by 67-1. 
Here, by annexing three ciphers to the divisor and rejecting 
the points, we get for divisor 071000, and for dividend 1342. 
Then the dividend being the greater, the quotient will contain no 
integral part; and the annexing of a cipher to the dividend, gives 
one cipher for the quotient: the annexing of a second gives ano- 
ther cipher; but the addition of a third gives 2. Hence the quo- 
tient is -002. 

When the number of places of decimals In tlie divisor is not greater 
than in the dividend, the number of figures of decimals in the quotient 
is to be equal to the difference betv^Aen the number of places in the 
divisor and dividend, as is evident f%;n Multiplication of Decimals; 
and in tl)is way the number of decimal figures in the quotient is often 
very easily determined. 

Exam, 3. Divide 2*3748 by 14736, so that the quotient may 
contain three places of decimals. 

In this example, the 11.736)23748(1 -6 11 14736)23748(1 -(3 11 

numbers being prepar- "•• 14736 14736 

ed according to the 

rule, and the first fi- 9012 9012 

gure of the quotient 8842 8841 6 

being found, instead of 

adding a cipher to the 170 170 

reminder 9012, we 147 147 



^40 
36 

omit the last figure of 

the divisor, to denote 23 23|040 

which, a point is plac- 15 14 

ed below it. Then 6 



736 
304 



being put in the quo- " 8 

tient, we multiply 6, " 
the figure cut off, by it, and 'without Betting any thnig dawn, wtt 
carry 4, because the product 30 5- nearer 40 than 30. Aft^r ihat, 
3 is cut off in like manner, and :\vin 7. The quotient is founts ti» 
be 1*611, or more nearly l'6jl:?, bcaitisc thorcmajndcir 8 ib rathN 
more than the half of 14, The anMexedoperntion at full leii::;:'.^j 
will explain the reason of the contracted prcic£?s<i, the v.ei'ticai \mv 
cutting off the rejected part. 

G 
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Exam. 4. Divide 73*64 by 
have tour places of decimals. 
Here it is easy to see, that 
the quotient will contain three 
places of whole numWs.— ^ 
(This would be seen by divid- 
ing 736 by 4w) Hence the 
quotient must contain seven 
figures. Extending therefore 
the divisor to eight places, and 
the dividend to the same num- 
ber of places of decimals, the 
process will stand as in the 
margin. In the work, instead 
of bringing down the two last 
ciphers of the dividend, two 
figures may be cut in succes- 
sion from the divisor, and the 
rest of the operation will pro- 
ceed as before. 



•43'2', so that the quotient may 

43232323)7364000000(170-335a 
•••••• 43232323 



30407677 
30262626 

14h5051 
129697 

15354 
12970 

23^4 
2162 

222 

216 



The pupil should work the following eieroMt by both metbodft. na*. 
ticularly by the abbreviated procesi : ^^ '^ 

Exercues. Answers. 

1. 47'58-5-26-175 = 1-81776504 

2. -3412-i-8-4736 =040266239 

3. 468-7'-j-3-365..= 139-309889 

4. •5'8'-h77-482. .,=-00756122 

5. 75-347-4--3829 = 196*77t>838 

6. 6-5'-^7'06249..=-928222 

B^erdses* 

•079085 -4.-83497...^ —Qwi'u 

•O'l'-j. 13-543516 =-04549495 

23•6-^•037538 ^ =628-6962545 

7-126491^-531 = mK^5 



13. 
14. 
15. 
16. 
17. 
18. 
19. 



Exercises. Answers. 

7. l-f-10-473654..=-09547766 

8. 7-5-^37-38 =-200f>4205 

9. 5-09'-f.6'2' =-8'l' 

10. •625-t.-4'28571'=l-4583' 
1 L M)'9' 4-'2'30769'=-3'9' 
12. 2•l'e2'-^3•125.,=•69'18' 

Anstoers. 



•8794^-^-897 =-98043924 

fJ^-^f^^^^ - =1-000053224 

2-3'70'.i-4-9'23076^. ...=-4/8^ 



After the fiill niustration of the multipUcatioii and division of ded- 
maU, which has been given in die preceding pages, it appears unocc«!»- 
sary to give their applicaUon in the Rule of Proportion ; as in thus an- 
plying them the pupil can encounter no difficulty, the terms beinff arranffi 
ed in t*ie manner already explained, and the product of die second aS 
third terms, m like manner, divided by the first Should it be tboucbt 
necessary howeviT, tlie exercises in page 106 may be wrought in this 
HjaniiiH-, b^ reducing the common fnwrtions which they contSn, to de- 
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PRACTICE. 

An Ai^iQUOT PART of a number is such a part as, vben 
taken a certain number of times, will exactly make that 
number. Thus, 5 is an aliquot part of 20, 3 of 12, &c 

What is generally called practicx is only an aiHid^ed 
method of performing operations in tlie Rule of Proportion 
by the use of aliquot parts ; and is generally employed in 
calculating the prices of commodities. 



TABLES OF ALIQUOT PARTS. 

HONEY. 



-//r 



10/0 ..M 

6/8 ..., 
5/0 ... 
4/0 ... 

3/4... 
«/6 .... 



=^i 

.... =:^i 



«/0. 
1/8. 
1/4. 
1/8. 
1/0. 
6d.. 



=£^^ 

:iof 1/0 



4d... 
Sd... 
2d ... 

Ud.. 



I! 



}d. 



= i of l/D 
= J of 1/0 
= i rf 1/0 

= i of 1/0 

=T«I of 1/0 

=A of 1/0 



"/7 



COMMON WEIGHT. 



2 qrs..... = J cwL 

1 qr.».... :z| cwt. 

\Q rot..... zz\ cwt. 



14 Iba..... = \ cwt. I 4 tbs.. =^ cwt. 
8 lbs..... =;=T^cwt I 14 lbs*, s I of aqr. 
7 lbs =:^ cwt. I 7 lbs.. = I of a 4r. 



IX)NG WEIGfiT. 



2 qr8..< 
20fl^*i 



=si of a cwt. 

^i of a cwt, 

I =1 of a cwt. 



15 lbs = -I of a cwt. 

12 ^.•...... ^=V& of ^ <^t* 

10 lbs. =^ of a cwt. 



LAND MEASURE. 



8 roods..... = j^ acre | 20 percheszz \ acre 
1 rood =^ acre | 16 perches^: ^ acre 



10 perchesrz^rood 
8 perches= \ rood 



Hiese tables may be donsinicted by problem VIL page 97 ; or rather 
by dividing £l, 1 acre, &c. by 2, 3, 4, &c. and selecting such of tlie 
quoticDtt as are free from fractions. The foHowing continuation of 
&em may often be found useful. By its means the pupil may frequently 
be assisted in discovel-ing what aljquot parts may be most advai»tage- 
ously employed in many tff the operations which be may be required to 
perform* The inoiFe obvious and less useful parts are omitted. 



1/8.. 



j J of lO/O 
*(fof 5/0 



1/4...== I of 4/0 

I of 10^ 
1/3... = -J ^ of 5/0 



Hof 5/0 r|of 

(i of JO/0 l/3...s=^^of 
ijof 5jD C^of 



C^ -I 



lOd.. 
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lOd... 

8d..'. 
7*d ; 
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=u 



-1 



of 2/6 
of 1/8 

of S/4 
of 2/0 
of 5/0 
of 2/6 
of 1/3 



5d.. 



4d. 



r^of, 

Uof : 



3d....= 



t«irof5/0 
S/4 
2/6 

T^ of 4/0 

of Sif4 

of 2/0 

^Jl^of 2/6 

— i i of 2/0 



2^.. 

lid. 
|d.. 



TtV of 2/6 

— ) i of 1/5 

t ^ of lOd, 

.V of 1/3 

= ^ 1 of 1/0 

^ of 6d. 

I of 6d.' 

I of 3d. 



■•=1 



COMMON WEIGHT. 



14 lbs.. 
8 lbs.. 

7 lbs.. 



• =s ^ of 2 qrs. 
_ J i of 2 qrs. 
— (Jof 16 lbs: 
"1 of 2 qrs. 
' 14 lbs. 



=m 



4 lbs.. 
2 lbs.. 



_Clof iqi 
— Uof 16 1 



. of 1 qr. 
of 16 lbs. 
i ^ of 16 lbs. 
= i|of 8 lbs. 



£2S9...=price of 289 cwt. at £1 ^ cwt. 
2 



In the calculation of prices, the quantity of tlie commodity may be 
of mie denominalion, or of more than one : and accordingly, the subject 
divides itself into two branches, with sieveral varietiea, as will appear 
from the following rules and illustrations. . 

Rule I. In finding the price of a commodity, ffihen the 
mice of each article^ as well as the quantity, is of one deno- 
mination^ the product of the given price and of the number 
of articles, will be the price required. 

Exam, 1 . Required the price of 289 .cwt. of beef at £2 ^ cwt. 
Here the price of 289 cwt at £2 V cwt. 

2b9 cwt. at ^1 f 

cwt. is evidently 
>£:^89; and the price 
of the same at £2 
V c%vt. must obvi- 
ously be twice that 
amount. 

Exercises. Answ, 

1. 311 at £3 £933 

2. 1286 at £5 |f... £6430 

Rule II. When the price is an aliquot part of a higlier 
denomination^ take a like part of the number of articles, 
and the result will be the price in the higher denamination. 

Exam. 2. What cost 532 lbs. of tea at 6/8 V lb. ? 
532 lbs. at 6/8 F lb. 

' £532.*....=pricelof 532 \b%. at £\ each 

b}%-y^ £\..,£m 6 8=;. ../I . .,j6/^. 



je578..,=.. 



•£2, 



Exercises. Answ* 

3. 197 at £4 £788 

4. 309 at £1 £309 
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Ir this example, since 532 articles, at ^81 each, would cost 
i£532, it IS evident, that at 6/8, the same number of articles would 
cost one-Uiird of that amount, 6/8 being one-third of £1. We 
therefore divide ^532 by 3, and the quotient, £111 6 8, is the 
required price. 

Exam. 3. Required the price of 537 yards of ribbon at 3d. 
V yard. 

537 yards at 3d. V yard. 

537 s =price of 537 at 1/0 V yard. 

3d.=i of 1/0 134/3 z±.^^ at 3d. 

£6 14 3, Amw. 

Here, the price of 537 yards at 1 shilling would be 537 shil- 
lings; and the price of the same at 3d. would evidently be one 
fourth of that, or 134/3, which by reduction becomes ^6 14 3. 

Exercises. Answ, I Exercises. Answ. 

5. 389 at 10/0 £\^ 10 7. 739 at 3/4 £123 S 4 

6. 538 at 5/ £134 10 | 8. 645 at 2/6 ....... £80 12 (i 

Rule III. When the price of each articled not an aliquot 

of a higher denomination^ it. is to be divided into such parts, 

that the price of the whole quantity at each of these prices, 

may be found by the first or sedond rule ; and the sum of 

vlthe prices thus obtained will be the whole price required. 

Exam. 4. Required the price of 479 cwt of sugar at £4 9 6 
^ cwt. 

479 cwt. at £4 9 6 ^^ cwt 

£479 =price of 479 cwL atf £1 ^ cwt. 

4 



5/0= i of £1 
4/0=i of £1 
6d. = ArOf5/0 



£1016 := m^ 

U9 15 ^ 5/ . 

%^ 16 — 4/ 

11 19 6zz U. 



Answer^ £t\^ 10 0=: £4 9 6 ^, 

In this example, at £1 ^ cwt. 479 cwt* would cost £i7^j and 
henCe, to find the price at £4 ^ cwt. we multiply hy 4, Again, 
since 5/=z one-fourth of ii pournl, and 4-/:^one>i]fth of a pmindi 
the prices at these rates will t>e found by rule f L by tflkific thi' 
fourth and the fifth of £479. ll still remains to find the prfoe at 
6d. : now, since 6d %% one-tenth of 5/, the price at 6 J. v^Hl e^i- 
dently be one^tenth of the price at 5/, and therefore we take ori«- 
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tenth of £119 15 the price at 5/, and the result is £1! 1*) 6, thr 
price of 479 cwt. at 6d. fr cwt Finally, the price of the whole 
quantity at £4? V cwt. being £1916; at 5/, £119 15; at 4/, £95 
16; and at 6d. £11 19 6; the price at £4 9 6 will be £2143 10 
6, the sum of these. 

Exam. 5. Requn*ed the price of 647 yards of linen at 3/9 V yd 
647 yards at 3/9 V yard. 

£647......«.=price of 647 yards at £1 V yard. 

2/6=1 of £1 I 80 17 6= 2/6.,..,^ 

l/3=i of 2/6 I 40 8 9=r 1/3 

Answer, £121 6 3= ', 3/9 ... 

In this example, the price at £1 V* yard is obviously £647, and 
as 2/6 is one-eighth of a pound, the pnce at 2/6 will beone-eightb 
of £647, or £80 17 6, Now, 2/6 with i/3 make up the given 
price 3/9; and 1/3 being one-half of 2/6, the price at 1/3 will be 
one-half of the price at 2/6, and hence we take the half of £8C 
17 6. Then tlie price at 2/6 bdng £80 17 6, and that at 1/3 
being £40 8 9, die price at 2/6 and 1/3, or at 3/9, will be £121 6 
3, the sum of these. — ^This exercise might be wrought with nearly 
equal fai^ty by finding the prices at 3/4 and 5d. and taking their sum. 

EsttUn. 6. Required the price of 247 cwt. of flour at £1 5V(u 
247 cwt. at £1 5 V cwt. 

£247 =pric© at £1 V cwt. 

5/0=i of £1... 61 15 = 5/ 

Answer, £308 15 = £1 5 



This and the preceding examples have been wrought at full 
length for showing the reason of the operations, and thus the 
pupil should be accustomed 

to work simiilur questions, 247 cwt. at £1 5V cwt. 

till he thoroughly understand 5/=£j... 61 15 

the reason of the process. 

Afterwards, however, the £306 15, Answer. 

work may be properly con- ^ 

tracted as in the mai;gbi, wbidi is t!;e mode commonly employed. 
Exam. 7. Required the price of 195 lbs. of misins at 1/3 V tb. 
195 lbs. at 1/3 V lb. 

.=price at £1 V lb. 



J 4)£195 =pri< 

l/SsA of £1...^ 

> 4)46 15 



Answer^ £12 3 Q — if^ 
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Or thus, 195 lbs. at 1/3 per lb. 

195s....=: price at 1/0 per lb. 
3dj=i of 1/0...48 9 = »/g rn^ 

2|0)24|3 9 =z^ 1/3 ..,>.,,- 

^£12 3 9, Annoer, as before. 

In the first of the preceding operations, since 1/3 is one-six- 
teenth of a pound, we divide ^£195, the price at a pound sterling 
per pound, by 4-, and 

the result again by 4. 195 lbs. at 1/3 per lb. 

In the second method, 3iLsz\ of 1/0.. .48 9 

the price at one shil- ^ 

liogbeh)gl95shi]iings» 2|0)24|3 9 

aiuitbepriceat3d.one- > 

£»urth of that amount, jC12 3 9, Answer. 

or 48/9, the sum . of 

both is 243/9, the price required, which by reduction becomes 

i£12 3 9, the same as before. This operation may akp stand as 

in the margin. 

Example 8. What cost 1257 yards of ribbon at 6}d. per 
yar4? 

1257 yards at 6}d. per yard. ^ 

6d.= 4 of 1/0 I 628 6 =S price at 6d. per yard. 
}d.=Jof6d. I 78 6}z= jd ;. 

2|0)70|7 Of= 6}d ._ 



£26 7 0}, Answer. 

Exam. 9. Required the price of 347 cwt. of coffee at ^7 11 6} 
per cwt. 

847Qwt.atJe7 11 6} per cwt. 

7 * 



10/=i of ^1 
J/3=iofl0/ 
a/3=i of 1/3 
}d.=:JofO/3 



^2429 .........= price at ^7 per cwt, 

173 10 = 10 

21 13 9 s= ..... 1 3 ^ 



4 6 9 =,-. 3 . 

1 1 8^=...,.,-.^ d p|. 



je2629 12 2i=;..... ^,..£7 11 ^. 



^J^' 
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Or thus, 347 cwt. ^t £1 116} per cwt. J . 

7 • 



10/= i of £1 
1/ =iV>f 10/ 
0/6-^ J of 1/0 
}d.= iof6d; 



^4^29 •...•«-^=: price at £1 
173 10 = 
17 7 = 
8 IS 6 = 
1 1 8i= 




iiwttf.^2629 12 2i= •.-.•,.-..-^#7 11 6} 
Exam. 10. If a tradesnaaot have 3/9^ per daf , bow niudi is 
bis yearly salary, the days of labour in the year being 313? 
313 days at 3/9^ per day. 



3/4= i of^l 
5d.= ^ of 3/4 
id.=xVof5d. 



j£d2 3 4= amount at 3/4 per day. 

6 10 5 = 0/5 

13 O^zt,^.^ O/OJ 



Answ. £59 6 9J= -^..^.....^...^ 3/9J ' 
This eicrcise might have been wirought by distributing 3/9^ into the 
parts, 2/6, I/3y and ^d.; but those employed above are much piefer« 
abl«^as, in the other case^ ^. being one-thirtieth of IJSf we must have 
divided by a number incpnteniently large. Unless indeed, in particu- 
lar 'circumstances, we shouId,'if possible, avoid taking parts that vrould 
♦ require us to divide by any number greater than 12. The seventh ex- 
ample afibrds an instance in which no inconvenience or difficulty arises 
from employing a larger divisor;, and every ^rson*s experience will 
point out others. ^ 

In taking ftliiquot parts, ft sometimes shortens the work to take the 
sattJe part twice, as the result oi thfe first operation may,be{copied witli- 
o«it workings for it again. Thus, 18/6 may be distributed* into 10/, 4/, 
4/f rinli € L 9^0 retimes ulso tlie price at a small rate may be found, and 
troifj It the price of n greater may be obtained by multiplication. Thus, 
]$j4 may ha diviJed into Hjf 14/, and 4d- tiie price at 14/ being 7 times 
iJie price at 2/. In Ulte maunef, for. 17/1 we may take 1/8, 15^ and 5d. 
OtU&r remarks on thh sul^fect will be found at the end of this article. 

Atuttters. 
£ 4. d. 

,... 220 I OJ 

*... * 1625 9 





4, 


Exerciseit, 






£ J, d. 


9. 


1625 at y 2 Sk 


10. 


1429 


i 2 9 


1L 


1073 


6 10 


12. 


749 


5 8 


13. 


1689 


4 10| 


14. 


247fi 


IS 6 


14. 


5926 


an e 


1€. 


'S\3 


Q B H 


17. 


&Q^ 


1 a 10 


IB. 


S^7(3 


on 41 


li^. 


^m 


1 IB s 



L 



..*.. 674 2 2 

; 212 4 4 

.......i 411 J3 10 J 

• ........J..:.;, BSdo 6 

e *.-..• •.3436. 16 8 

,..^.: 135 12 g 

i... 2033; 17 

• ..••••.«•..«..*. a...... «l^. Ma. « lcr«|^ 2^' V ' . 



^li^fk..: 



f 

\ 
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\ mxercitet, Armu§rs, 

• %% £ t. <L ^£ t. d. 

im 1898 at 6 10| 652 8 9 

21. 1594 13 6 ,..^ i 1075 19 

22. 695 14 10 515 9 2 

2a 2386 16 6 , 3161 9 

2k 725 1 T 3 ^... 1002 18 4 

25. . 589 1 11 6 ^27 13 6 

26. 286 12 1 172 15 10 

28. 5728 7|...;.........^............ 1/73 8 * 

29. 6491 a 10} ....;......^ 290 14 lOJ 

30. 991 1 Sj..... 64 0| 

31. 436 • 4 17 8 2129 2 8 // 

32. 3725 5 ^. .% ..».•... 1059 5 H^ //> 

33. 1677 6 1 426 4 9 

34. 7913 2 16 lO^.,.,.-*..., 22502 11 lOJ 

35. 4265 1 14 l|...,v.Mr 7277 3 1^ 

36. 249 4 13 9 —.^ 1416 3 9 

37. 576 6 18 MJ » ••— 546 

38. 6485 . 2 10 2J.*.,.:*.......,............ 16280 1 OJ 

• 
Rule IV. The price of an^ number of articles at 2 shil- 
Ungs each, is found by (K>ubUng the last figure of the num- 
b^ir for shlHrngs, and taking the number expressed by the 
preceding figures as pounds. 

Exam. 11. What cost 647 yards of muslin, at 2 shillings ^ 
yard? » 

7^ reason of this rule is, that 2 shillings 647 yards at 2/ 

are one-tent^h of a pound, and the work is 

no more thai)ra contracted division by ten. ^64 14 0, Answ, 
Thus, in the annexed example, by dividing 
by 10, we should have £64, widi the fraction £f^, or, by doub* 
ling both the terms,. £Ji, or 14 shillings. 

RvL^jl* Jfthe rate be an even number of shillings ^ mul- 
tiply bynalf that number, an4Jn multiplyhtg, double the 
last figure of die product for shimta|^ ; the restwill be pounds. 

ICxam. 12. Required the pijce jof ^3 Jlis. ux iwir^^^. t^ ti 
flings ^ lb. ')* 

Tbjs rule and operation are evi- ^3 lbs. at B/ F ?^. 

dently nothing more than an ex- 4 

tension of the last. In the annex- ^ 

ed example, the price la^ or ^^ jEIOO 4 o, J^^^r. 
ai a pouodj and nence ^e roulti- * 

ply l^ 4, and the doubling of the last figure of i*if 
shillings, is equiv^ent to a division by 10, 

^3 



/ 



./ 



'Zc^cf/Z^r^ 
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Rule VI. When the number of shillings is odd, we may 
find, by the last rule, the amount at one «htlling less than 
the given rate, and for that sliilling take ^j of the price at 
one pound. 

Exaiu. 13. What cost 787 ^8. of nutmegdj at 17 shillings 

pound ?, 

In this example, the price 787 lbs, at 17/ V lb. . 

b first found at 16/ ^ pound, 8 

by niultipflying by 8, and .. t-. 

doubling the last figure of the 
product for shillings; then, 
for the remaining shilling, a 
twentieth part of ;^787, the 
price at j£l per lb. is taken; 



£629 12=price at 16/ V lb. 
l/z^£^ 39 7= J/ 



£668 19=. 



•17/. 



and the sum of both results is £668 19, the price at 17 shilUngs; 

Exam. 14. Required the amount of 233 cwt. of peaH ashes, 
at £3 9 per cwt. 

238 cwt. at £3 9 per cwt. 
3 4 



In this example, we 
first find the pricf at £3 
by multipl}ring by 3; 
then the price at 8/ by 
multiplying by 4, and 
doublmg the last figure 
of the product. Jbr shil« 
lin^; ^d~4astly, the 
price at I/, by taking a 



699 =price at £3 per lb. 

93 4= : 8/ 

\/z=£^..Al 13= 1/ ....,,^ 



Answer, £803 17=. 



&3 9 



twentieth part of £233, the price at £1 per cwt.i^It.is evident , 
that we might (lave taken one eighth of the price at eight shillings, 
for the price at one shilling. 



Exercises, 



89. 397 at 2/ , 



Answers, 
£ s. d. 
39 14 .0 



40. 418 

41. 763 

42. 378 

43. 841 

44. 937 
46. 949 



3/ 62 14 

6/ 228 18 

7/ 132 6 

8/ 336 8 

9/ 421 13 

12/... Q&i 8 



Exercises, 



Answers, 



£ s, d, 

46. 675 at 13/ 438 15 

47. 512 14/ 358 8 

48. 319 16/ ,255 4 

49. 868- 17/ 737 16 

60. 470 18/ 423 

51. 983 £3 4...3I45 12 

52. 724 £5 13..4090 12 



Rule VII, Tl^e price may oflen be determined very 
eufiily, bifjindhig the amount at a rate higher than the given 
i^tjict ti^id dcdudingjronj the amount the price at the difference 
if^'iU'e^^n the given a?id the assumed rates. 

I'bi^ method la general ly of little use, unless thB difference between 
the gncn 4nd the bii^her rate be an aliquot part of tbe higher. This 
dittiTcnce insy be e.^Jk(i Um c0|f7tEMENT of the given ratCb 



> 
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Exam. 15. What cost 189 tons of coals at 17/6 per ton ? 

180 tons at 17/6 per ton. 
■ Or umply thus : 

£189 =price at J^l per ton* 189 at 17/(> 

2/6=-£^23 12 6= 2/6 2/6=jej...23 12 6 

Aruw. Jei65 7 6= 17/6 -.*--. jei65 7 6 

In this ejtample, since 17/6 is less than a pound by 2/6, vfh'ich 
18 an aliquot part of a pound, the required price is found b^' cak- 
ing from £189, the price at j£1 per ton, j£23 12 6, the price at 
2/6 per ton. 

Exam. 16. What cost 257 feet of plank, at lOd. per foot ? 

Here, from 257 shil- 257 feet at lOd. ^ foot, 
lings, the price at 1/ per 2d.=:i of 1/... 42 10 

§0^ we take 42/10, the >^ 

price at 2d. i)er loot: 20)214 2 

the remainder is 214/2, , 

or by reduction £10 14 ^ £10 14 2, Answer. 

2, toe price at lOd. per 

foot 

Exam. 17. What eott 514 gallons of seal oil at 3/1 1 V gallon? 
514 gallons, at 3/1] V gallon. 
4 

2056/ =:price at 4>/ V gallon. 

ld.=TVof 1/... 42 10...= Id. , 

2|0)20l!3 2...= 8/11 

£100 13 2, Amwer. 

Exam. 18. Required the price of 193 cwt. of Turkey figs, at 
£3 18 V cwt. 

In this example 193 cwt. at £3 18 V cwt. 

the price at «/ V 4. , 

cwt. (found by — 

doubling the last £772...*....=pnoe at £4 V cwt. 

fig:ure,&c)is taken 19 6..4Sg„».«,.... ....... 2 ,„..,„.>.., 

from the priCB at 

£4. £752 i4...=_-™*^3 IB 

jEjmviaet. Atttw^i* 

£ s. d. M M. d* 

53. 358 at 13 4 — „„.. ^38 13 4 

54. 599 lOJ 2d 4 ^ 

55. 967 8 .^.^... 32 4 g 

56. 275 8 15 76Cf S U 



.«JyA 



58. 


889 


59. 


483 


'^O. 


189 


61. 


097 


62. 


753 


63. 


64-9 



132 PBACnCB. 

Exercite*, Amwers. 

£ s* d. £ s. d. 

57. 361at3 1*^ .^v .•....,1299 12 

9 33 & 9 

5 16 8 ...........*...28l7 10 

4 7 43 3 

\f U 1 1 ••..)i««,*.*«i***««***»>*****«-*** ^"^ ^*^ ^^ 

1 9 65 17 9 

1 5J 47 6 5i 

64. 72J 19 684 19 

We now proceed to problems of the second class ; and in resolving 
them, we tnay employ either o£ the two following geoeral rules. 

Rule VIII. fVhen the quantity is not expressed by a xohole 
number of one denomination, find the price of the integral 
(juantity according^ to the method already illustrated, and 
then find the price of the fractional parts» or lower deno- 
minations, from the given rate> by means of aiiquo{ parts, 
or otherwise; the sum of all wdl be the whole price re- 
<j\iired. Or, 

Rule IX. When the qtuintity is not expressed by a tvhole 
number qf one denomiuation^ nnd the price of the entire 
given quantity at j^lf for each unit of the integral part, 
valuing the subordinate parts at the same rate ; and then 
the work will proceed in the manner already explained, with- 
out the necessity of farther work for. the subordinate paits. 

Exam. 19. Reqiiired the price of 79} yards of hiroadcloth, at 
£1 2 11 Vyard. 

ByRvleVlll. 
791 yards/ at jei 2 11. 



2/6=£J 
5d. = |of2/6 
Jof jei 2 II 

i of \\m 



£9 17 6 =ipriceat2/6 

1 12 11 = ^.„^ 5d 

of J yard 




7^ Ansiper, 



* g;i Dlia \hb diS'ertsQca between ^ 4n J, S ihLlingi^ and flj/baoBe-tenth of £1— lEx. 
eiTiM^ t^ wIlII be iiTou|lit bj Gtid\ng tJbe phoe At two ihllliiiBf, and then proceedinR in 
Thi> UTb^f liunner { aikI Uiij wwven oi exKcbei ^md O&mti^ be derived from the 
pF>c«» At 5^ Juid IJB^ 

f 'Hkit riile 1i restridUid lo ptmmdM^ whic^| i$ &lm{«t tlic nnty vmeM or necesailry appU 
cAttiiii iiir tli«! larLijLtple, Tlie pfinc:i{]i1e howovCTp 1j untvenBl in \U nattfte* and might be 
Ct(l04i4i?^); to my Other rxte irt a ftmilur mbnuef. 

Waii f««iMciCffl ihe o^jhtb MtdHiotfa niles, U m jt bft fibicrv«d, that the nliith.(of 
wiiUjft t^ulM $^ XI, XU, an4 ^nt ai4 parLicutir at>pJicatSoa«,> U vety degalit, on ac 



'.ii^i ....^... 
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In this mode of resolving this exercise, the price of 79 yards is 
first found, (or rather the parts of which it is made up are found;) 
and then for ^ yard tiie half of ^1 3 11 is taken, and for ^ yard 
the half of that is taken : then the «imi of aU these parts is £91 
7 7^, the result required. 

Jty Rule IX. 
pf yards at ^ei 2 11. 



£79 15 
2/6=^J I 9 19 

5d.=iof2/6 I I 13 



=price B,t£lW yard. 
4J= 2/6-, 



21=- 



5d., 



£91 7 7i=: £1 2 U ^ 

In this method we first find the price of 79| yards at £1 ^ 
yard. This is obviously £79 15; for the price of 79 yards is £79, 
and the price of a qtiarter of a yard being evidently 5/0, the price 
of } of a yard is 15/. Tlien, the price at £1 ^ yard being £79 
15, the price at 2/6 ^ yard will be one-ei^htli of this, or £9 19 
4>^; and the price at 5d. one-sixth of the pnce at 2/6, or £1 13 2|. 
The sum of these prices is £91 7 7^, the whole price, as before. 

Exam. 20. What cost 69^ yards of cambric, at 13/10 ^yard ? 

jB> RtUe VIII. 



mi at 13/10 



10/=£i 
3/4= i of 10/ 
6d.=^ofl0/ 

tyd.=iyd. 

^yd.=Jof Jyd. 



£34 10 

11 10 

1 14 

6 

1 







6 

11 

8f 



Here, after fincfing, in the 
way already illustrated, the 
parts whose sum will be the 
price of 69 yards at 13/10 
W yard, we take for f of a 
yard the half of 13/10, the 
price of one yard, and for the 
remaining eighth we take ^ 
of 6/1 1, and the result is 1/8|, 
the price of ^ of a yard. The 
sum of all these partial prices is £48 3 1,}, the whole price re- 
quire .i. 

By Rule IX. 
69| yards at 13/10 V yard. 



Answer, £AB 3 IJ. 



£69 12 a =price at £1 ^ ya^ 



JO/=£i, 

3/4= J of m .,, 
6d.=i\j of 10/ 



34 16 3 =^ 

H 12 I =^ 

I 14 i}J=- 



£18 3 li=- 



10/, 
,3/4. 
.0/6. 

^13/10- 






L y^ 



V 



PKACTICB. 



In this method, since, at ^1 ^ y&rcl» one^ighth of a yard would 
cost 2/6, five-eighths would cost 5 times 2/6, or 12/6; and con- 
sequently, at that rate, 69f yards would cost Jt*69 12 6. The rest 
of the work proceeds in the usual manner. — With respect to both 
modes, it may be observed, that on account of the large divisor, 
20, the work would have perhaps been as short, had we taken 10/, 
3/4, 5d. and Id. though it would appear to be a line longer. 





Exercuct. 




£ *. 


65. 


328} ai .0 6 


66. 


675^J 2 14 


67. 


7538^ 2 


68. 


176c. 3q.0 18 


69. 


164i 2 5 


70. 


239a. 3r. 10 


71. 


1721^^^ 3 15 


72. 


257i^ 2 9 



Atmvert, 
d. £ t. d. 

6 , 106 16 

4.r..., 1835 2 

4 879 10 




2 
6 

8 164 19 4 

6 375 1 9} 

10 129 17 3| 

10 654 16 5 

4 636 8 lOjt 

Rule X. In calculating the prices of hundreds^ quariert^ 
aitdpoundsy common xueigkt, multiply the pounds by 2f, tadt 
consider the product as pence ; and miiltiply the quarters 
by 5» and consider the product as shillings: die rest of the 
operation will be performed by rule IX. 

The reason of this rule is evident, since at £1 IT cwt. each quar- 
ter would evidently cost 5/, and each pound a twenty-eighth ot 
thisp or 24^ pence. 

Exam. 21. Required the price .of 198 c. 2qrs. 21 lbs. of cast 
itedy at £4 8 8 V' cwt. 

ByRtd€\l\& 
c. q. Its, f 

198 2 21 at £^fi 8 per cwt. 
4 



8/= At of £4 

- .=Aof8/ 



£792. 



2 qr.=:i of 1 e. 

14)b8.=Jof2qr 

7tfe«,=}ofl4ft> 



79 4 
6 12 
2 4 
6 11 
5 



zrpriceof 198 cwt, at £\ V cwt. 

0. = 8/ 

0^ =z , 8d 

4 =price of .2 qrs. at £4 8 8 V* cwt. 
1 = ^4 lbs 



xsao 



16 114 ^price riqiiired. 



toiwi^n^lr di^ree. In auch ChMca ihe eighth rule^b* iMmjrtirr^not lo otjjeetioniblev— 
Frif Tm'ft^dil^e piiTprKcs, however, ai it it linnoeenfirf lo worl; fit ilie i<rci'jfe firuilun.^ 
thf riMTth ru(e, whfii majnogpd oa will bftthoA^o, In U>e qiicEeedin;^ nilet »bcivciQen[tan«d, 

tti« tcAThv fibd olcuiatur judf^ haw^f^Ti and euijilcij vhkJuTer 1^ nu} «iJ«iA«r 



h-:^ 



f 
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Tdf 



c. q. Ibi. 

198 2 21 at £4 $ 8 ^ cwt. 
5 2^ 



£198 13 



priceof 198 c 2 q. 21 lbs. at j^l ^ cwt. 



794 15 = - 

t\, 79 9 ^.zs. 

tV 6 12 5i=z , 



,£4> S 8^ 



An.SaO 16 11^= 

The first mode of ifi#rking this exercise is sufficiently explained 
in the operation itself. In Uie second mode, we say, one-seventh 
of 21 is 3, and twice 21=z42, and 3=45 pence, or 3/9, which is 
the value of the pounds at j81 ^ cwt. We then set down 9d. 
and carry 3 to 5 times 2, or 10 shillings, the price ci 2 quarters; 
and we thus find the price of 2 q. 21 lbs. at £1 ^ cwt. to be 13/9, 
to which £198, the price of 198 cwt. at the same rate, is pre- 
fixed. The remaining part of the operation proceeds in the usual 
manner. 

Exetdtet, 
cwt, q, ibg. 




Exmn. 22. What cost 319 c. 3 q. 16 
V cwt, ? 

St/ Rule VIII. 
c. q. /&, 

319 3 16 at £2 12 6 per cwt. 
2 



[.of glue, at £2 11^ 6 



10/=£i 

> 2/63rioflO/ 

8q.:;:Jof Ic. 

lq.=|of 2q. 

16lb.=4 of 1 c. 



£638 

159 10 

39 

1 







17 

6 

13 

7 



=price of 319 cwt. at £2 per c\vt* 

= 10/...^ 

6 = 2/6 

3 =rprice of 2 qrs. at £2 12 6 per cwt, 

1 J= 1 qr . 

6 = _16 lbs. 



Answer^ £839 14 4^, the price required. 



.5^:. 
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% Rule IX. 

c. q* lbs, 

319 3 16 at £2 12 6 per Ofwt 
5 2\ 



£319 17 lOf zprice at £1 per cwt. 



£639 15 8^ = £2 ^ 

lO/=£i I 159 18 IH =■> > 10/.. 

2/u=iof 10/ |. 39 19 8H= 2/6.. 

Ansvoer, £839 14 4^ =.. 

The latter mode of performing this exar^e gives origin to frac- 
tions, which render the operation more tedious, This^may.be ob- 
Tiated by conducting the operation on the same principle, but con* 
verting the fractions into decimals, which it vnJl be found to be 
sufficient to carry out to two places each. Thus, the work m^y 
be as follows: « 

c. q, lbs, 
319 3 16 at £2 12 6. 
5 24 



10/=£i 
2/6=1 o^ 10/ 



£319 


17 


10-29 
2 


639 


15 


8-58 


159 


18 


1M4 


39 


19 


8-78 



'[W 



Answer^ £839 14 4*50, or £839 14 4^, as before. 

Here, in taking | of 16, we have 2 to can*}', and 2 remaining; 
then, conceiving a cipher annexed to the remainder, and dividing 
20 by 7, we set down the qiMtiei^^ 2, and conceiving a cipher an- 
nexed to the remainder 6^ 'we nave 7 contained most nearly *J 
times in 60. We then proci^d in the same manner as before, and 
find for the price at £1 per cwt. £319 17 10-29 nearly. After 
this the work proceeds exactly as before, except that in each line 
the pence and the decimal are multiplied and divided as if they 
were a single whole Auin)|er> the point alone being preserved. — 
Thus, in fiuditj^^ the ^ice at 2/6, after having fouu(i,£39 19, w« 
have 2/11, or '4bd. reroaiiiing; we then divide 35-14 by 4, as if it 
were ail on a number, and find for the quotient 878, or, the point 
bdng placed before the two last figures, 8-78. The final result is 
£88^ U 4*50, or £d3£} 14 4^, the same as by the other processes. 

In working ?yy thia met^iod, it shoald be recollected, that *25(/. i»a 
^rthing i '&0(L g ft^j^Jtw^ f and '75d. three ,fiaihi»g$ t and in vai^ing tht 
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decimal /owui in the answeVf the pupil sh<mld consider to which of tftesc it is 
nearest, and value it accordingly* 

It may be observed, that in consequence of the method of managing 
the decimals in all operations of this kind being uniformly tiie same, 
any pupil may practise this method, whether he have siudiei decimal /ractiuns 
or not. 

The following ezerdse is wrought several ways for tlie purpose ot 
•howing their comparative advantages and disadvantages, and of afford- 
ing to the pupil an additional example of the mode of performing cal- 
culations of this kind. < 



Exam. 23. Whot cost 212 c. 3 q. 
13 2^ cwt.? 



19 lbs. (^barilla, at £\ 



By Rule Yin. 



io/=£J 

■2/zz£^... 

l/=iof2/. 

2d.=iofl/.-.. 

2q.=|^oflc..*. 

lq«=^of2q..., 

16lb.=4^oflc.,.. 

2lb.=iofl6lb. 

llb.= Jof 2lb. 



^ 



c. 

212 

106 

21 4 

10 12 

1 













lbs, 

9 at &c. 







4 
7 

m 



iO/=z£i 

2/=£^... 

l/=iof2/ 

2d.=iofl/ 

2q.=zJoflc. 

lq.=|of2q.... 

I6lb.=i^oflc.... 

2lb.=iofl6lb. 

llb.=:iof 2lb. 



Or thus: 

c, q, lbs, 
212 3 19 at &c, 
106 
21 4 
10 12 
15 
16 
8 
4 





1 










4' 

7 

3-50 

8-86 

7-11 

3-55 



// 



y^/ 



£353 1 10V». 

By Rule X. 
c, q. lbs, 
212 3 19at&c 
5 2^ 



Amwer, £353 
£353 



10-02, 0? 
10, nearly. 



,^/..,^ 



10/=£i. 

2/=z£^„. 
l/=iof2/ 

aa.=iofi/ 



£212 18 4^ 



106 9 2A 

21 5 IOt^ 

10 12 U^ 

1 15 5tJ 



Aniwer, £353 1 10^ 

Exercises, 
q, lbs, £ s. 



Orihut: 
c, q. 



212 



lbs, 
3 19at&c. 
5 2i^ 



£212 18 4-7 » 



10/=:£J.... 

2/=£t>5... 

l/=iof2/ 

2d.=iofl/ 



106 9 2-35 

21 5 10-07 

10 12 11-03 

1 15 ^-84 



81. 

82. 
83. 
84. 
85. 
86. 
87. 



c. 
76 
538 

ai6 

786 
647 
238 
181 



1 16atl 

2 17 

1 4 1 

2 8 

2 11 
3 

3 13 



iwrtvr, £353 1 10-00 
, ^ Ansiiters. 

d. £ *. ct 

9 ...,- U2 2 Jii 

4 'tfB- § OJ 

1 12 7 »....., 5f^t 13 IJ 

18 9 , fm » 2i 

6 10 6 ,4S$d 10 6 

3 19 7J...., ..A..- 947 1*1 10* 

2 13 4 *4. 4S4 19 6i 



e^iSU 




/ 



Z„£ja'^^o^^ 



IM 



PRACTICE. 



88. 251 2 1 at 117 h/.. 466 

89. 103 27 6 14 10 ^92 

90. 418 2 17 2 8 851 

91. 179 3 25 3 10 3 632 

92. 246 3 24 3 5 4 806 

©3. 319 1 9 18 7^....*..... 297 

94. 90 2 10 5 2 4J 463 



#. 

6 
15 

5 

3 li 



21 



15 

7 







14 1 



Rule XI. In comptUing prices in long toeieht, multiply 
the pounds 'by 2 for pence, and the quarters by 5 for shil- 
lings ; and perform the rest of the work by rale IX« 

The reatoH of thu rule is evident, siape at £lV cwt long 
weight, each quarter would cost 5/, and each pound one-thirtieth 
of this, or 2d. 

Exam. 24. Bequired the price o£ 218 c. 2 q, 17 lbs. {hug 
weightj of beef, at £\ 17 3 V cwt. 
By Mtde VIIL 

c q. lbs. 

1218 2 17 at &c. 
109 
54 10 
21 16 
3d.=Jof2/... 2 14 ^ 

2q.=Jcwt 18 7i 

12lb.=iof2q... 3 SiV 
5lb.=iVof2q... 1 6| 



Answer, £407 4 4» 



By Rule XL 

e. g. lbs. 
218 2 17at&c. 
5 2 



i(>/=^4 

5/=JoflO/... 

2/=T\yOf^l. 

3d.=i of 2/. 



£218 12 
109 6 
54 13 
21 17 
2 14 



10 
5 

2-50 
3*40 
7-92 



£407 4 4*62,or 
407 4 4},MHfy 



JEjeereises in long weight. 



95. 

96. 

97. 

98. 

99. 
100. 
101. 
102. 



e, 

281 
«6 
598 
238 
216 
411 
384 
277 



q. lbs. £ 
3 Sat 1 
3 17 
3 13 
2 19 

2 

1 28 
17 

2 23 



Antwerim 
(L £ 9. 

7^ 473 14 

li •* 148 5 

^ ., 1572 

6 43^ 

18 10 '365 

12 ^ 252 

8 ...^ 

3 



s, 

13 
i 14 
2 12 
LIS 
1 




d. 

H 

6} 
9| 





11 

8 

17 

I 8 ...^ 396 18 11 J 

3 8 3 947 12 5| 

Rule XII. In Cfmjmting the values of acres, roods, and 
cerches, multiply the parches by 1^ for pence, and the roods 
by 5 for shillings, and tlie rest of the work will prdceed ac- 
cording to rule IX. 



yk^r<J^ 



cy 
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Tlie reaton of tint rvle is also eyidect^ since at ^1 ^ acre^ each 
rood would bne worth 5/, and each perch lirorth one4brtieth o( 
this, or l^d^ 

Exam. 25. What is the yearly rent of 136 a. 3r. 29 p. of 
land, at jei 4 3^ acre? 

The work by rule VIIL a. r. p. 

in this exercise anJl some^ 136 3 29 at £1 4 3. 



othei^, is left for the pupil 
to perform, if it be thought 
necessary. The exact an- 
swer to this question is 
jei66 6i|^, as would 
be found by employing 
oommon fractions instead 
of dedmala. 



5 Ji 



;£136 

4/=£i I 27 

3d.=^of4/| 1 



18 

7 
14 



7-50 
8-70 
2-79 



103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 



a. 
661 
45 
77 
586 
674 
311 

139 



Exercttes, 
r. p, £ 
2 

2 

1 
1 
2 
2 
3 



35 
30 
31 

29 
26 
17 
39 



Answer, £166 6*99, or _ 
166 7, nearly. 

Annuert. 
9, d, £ s, d. 

20 at 1 17 6 ^...1053 11} 

16 6 37 14 ^ 

12 40 9 3 

1 7 3J 800 5 0} 

11 4>i 383 14 6 

12 9 354 10 3} 

1 6 6 .,^.^ 1681 4 8| 

2 7 10 334 16 4^ 

RuLB XIII. In calculating the price of ton^f hufidreds^ and 
guarters, at a given rate per ton^ take the tons and hundreds 
as pounds and shillings, and multiply the quarters by 3 for 
pence : and in calculations in troy xoeighty at a given rate 
ver onnce, take the ounces as pounds, the penny weights 
as shillings, and half the grains as pence. 

The reason 9f this rtde depends on the principle, that at £1 ¥* 
ton, every hundred would cost ^ shilling, and every quarter 3d.; 
and that bt £\W ouqce, every penny weight would cost a shil- 
ling, and every grfua a judfpetinyf 

Exam. 26. Required the price*of $8<«ems. 14 c. 3 q. <>f bark, 
at 469 14 V ton. • 

L c, q. 
98 14 3 at £9 14 V toiu 
3 



£9S 14 =priee at XI ^ ton. 
9 



IO/=£i 



|888 12 
49 
19 



T 41 
t4 111, 



nearly. 



je957 15 0^, nearly, Amwt^r^ 



Tb, 



fy\n^ 



/'/■■ 



HO PRACTICE. 

Exam. 27. Required the price of a set of vgilver Qilj^^ 
weighing 216 oz. 14 dwts. 18 grains, at 9/2 ^ oz. ; r ' 

oz, dwt, grt, ■..'." jvy 

216 14. 18 at 9/2 V o^ { ' i 



je216 14 9|^ceatierV<>4i *' ; 

6/a=£i| 72 4 11 / 

2/6=:jei| 27 1 10 J 



9^, Answer, 

Answera^ 

-.-6799 4ir 

6 2^0 13 Oj 

4 48 4 ll| 

3 -. 148 7 Hi 



13 

7 

10 

11 



£99 6 

Exercises, 

111. 175 1. 18c. Iq. at£38 

112. 219 1. 16 c. 3q. 11 

113. 98 oz. 7dwt. 15 gr. 

114. 263 oz. 16dwt. 9 gr. 

The preceding ore the most useful applications of the principle oal 
which the nintli and the succeeding rules are founded. Various others 
might be given, which however are omitted, as they are of less impor- 
tance, and as the pupil who is well acquainted with those already ex- 
plained, will find it easy to apply the same principles in other cases. 

Rule XIV. In many calculations, instead of multiply- 
ing the quantity by the price, it is l)etter to multiply the 
price by the quantity. This is often the case, when Com- 
pound Mul^plication caii conveniently be employed. 

Exam. 28. Required the price of 12 c. 3q. 8 lbs. of hops, at 
£23 18 6 r cwt. 

c, q.^ lbs, £, s. d, 
12 3 % at 23 18 6 ^ cwt. 
12 



2 qrs.=:i^ c... 
1 qr.=|of2q. 
8 lbs.=:| of 2 q. 



^£287 2 rrprice of 12 cwt. 

11 19 3 = '.^ 2qr8. 

5 19 7i == 1 qr. 

1 14 2^ 2= ^^ 8lbs. 



0A=^ 



115. 

iia 

117, 

118. 

119. 

no. 



Amwer, £306 15 

JSxercises, 

£ s, d, 

8 c. 2qr. 12 lbs. at 1 IS 9 
8a, St, 19^ p. 18 10 

9 tons, ^ewt. 5 19 8 
12 cwt. I ^. H) lbs. 



Hft.ip.5^a^^.; I 3 7i 

i 0*^ n^'tneiilk I 9 3 



a2c3q.8lbs. 
Answers. 



£ 
,15 
. 8 
.t7 



d. 

o| 
H 




PEACTICE. )ii 

121. Tiie quantity of rum imported into Great Britain from J:i. "^-^ 
maica in 1811, was 4,f>04i77l gallons. Required the amount. o.i 
the prime cost at 3/9 J, and of the importation duty at 10/10 V 
gallon. Required also the drawback, (or sum refunded on ex- 
portation,) at .7/7 ^ gallon, Sii one-third of the same quantity. 
Amw. «e8729&7 16 ^; ^2494250 19 2; and ^581991 17 9^. 

122. The quantity of wool exported from Ireland in 1806, was • 
4337 c. 3 q. 8 lbs.; what .was the value at £3 19 7 J <^ cwt. ? 
4p.iw, £17209 19 0^. 

123. Wliat is the importation duty on 359 gallons of port wine, 
at 7/7 W gallon? Amw, £136 2 5. 

124. What is the duty on 710 gallons of Madeira wine, at 7/8^ 
^gallon? Afaia.£27S 12 11, 

125. Required the amount of the duty on 124 gallons of French 
•wine, at Ll/4| ^ gallon. Aitsw. £70 10 6. 

126. What is the duty on a cwt. of opium, at 8/9 ^ lb. ? Ajuua 
£49. 

127. Required the duty on 47 c. Oq. 19 lbs. of mother-o> 
pearl shells, at £^ 13 4 ¥' cwt.; and on 197 fbs. of tortoise shell, 
s^t 3/1 li ^ lb. A7mv. £220 2 6, and £3H* ;9.^J. 

. 128. What is tj^ duty on 317 lbs. of jfe|Bt India coffee, at £5 
2 8 r cwU?''4nsw. £23 13 11. 

129. Required the duty on 179 c. 2. q. 12 lbs. of Muscatel rai- 
sins, at £2 3 6 J W cwt. Answ. £391 4 J. 

130. In 1800, the quantity of foreign calicoes ^aud muslins 
printed in England and Wales, was 1,577,536 yards; of British 
calicoes and muslins, 28,692,790 yards; and of linens and stufl^, 
3,232,073 yards. Required the amount of the duty paid on each 
quantity, the first at 7d. and the second and third at 3J W yard. 

^«5m;. £46011 9 4; £418436 10 5; and £4-71.34 7 ll|. 
• }31. The quantity of tea imported by the East Lidia Companj', 
- in a 791, was 16,299,854 lbs. the average prime cost of which in 
ItTdi» was 1/6| per pound. Required the entire prime cost, 
^^liM^. £1273426 1 10|, ' 

':SS2, The quantity of wheat consumed in En^and and Wales, 

,io .1809, is computed to have been 7,876,100 quarters. Require<l 
tJie value at £4 15 7 per quarter, the average price of wheat 
during that year: requu-ed also the value, at the same rate, of 
46,598 quarters, the part of that quantity whit:h was hnpor tai 
from Ireland; 4iwttfci^37,641,194 11 8, and £^222,Cfl 9 12 2. 

133. ''^->--.<. Bclfaii, WkChS^l^i^ 

Mr. Henry Wilson, - 

, ,BaugMdr'S^4iiu^c3 

7^5 yards fine white linen, at 4/lf ..,.,,!,.V£ 

87 yards cambric, at 12/10 -.,* . \ 

^17 yards muslin, at 3/9i..,„ , , .,-^ 



«8f^t^ 






1« FRACTlCfi. 

Joseph O'Reilly, Bsq. 

1823. ' To David White & Co. Dr 

Sept. 2^th, To fine scale Bum, 4cf3q. 22 lbs. 

atje4 17 4Fcwt , £ 

Ike. 1 it. To tea, for 1 chest, con taining 83lb8. 

at 7/4 r lb ; 

£54 10 H 

135. Dublin, 8th December, 1824^ Mr* William Joyce buys 
from Patrick M'Neale, 138 gallons port wine, at .^16/7 J Fgallon^ 
130 gallons sherry, at 16/4| 110 gallons Madeiira, at 2€|/9i and 
120 gallons Tenerifie, at 14/10. Required the whole amount. - 
Annv. £Wl 1. 

136. Mr. Edw. Stone bnyR^^O^Sbgh Sinclaire of Cork, Jan. 3d, 
1824, 156 tierces prime b«Cat £b 9 8; 313 barrels ditto, at 
^63 5 8; Feb. 8th, 93 barrels prime pork, at £3 8 3; Feb. 26th, 
64 barrels inferior ditto^ at £Z 3 6. Required the Entire amount. 
Am}.£t¥X^ 12 11. 

137. Belfast, Jan. 2d, 1830. Mr. Alexander Jefferson buys from 
William Fitzpatrick, 218 yards linen at 3/2 per yard; 173 yards 
muslio^ at 1/4A per yard; 2 nieces printed cali«6. Containing 
56^ yards, at 1/2 per yard; ana one piece ditto, containing 27| 
yards, at lOd. |)er yard: and he pays in part j£32 12 6. How 
much remains due? A'mw.£\^ 4 9. 

138. Mr. Robert Bellingham buys from Patrick Cunningham of 
Limerick, Feb. 5tb, 1830, 3 cwt. of fine scale sugar, at 8/10 per 
stone; 2 cwt. coarse ditto, at 7/4 per stone; a chest of tea con- 
taining 8!6!bs. at 4/6 per lb; 38 gallons whiskey, at 6/10 per gal- 
lon; and 10 gallons rum, at 13/6 per gallon. Required the 
amount. Amw. £65 11 0. 



Th« method of aliquot parts in its application in "finding pi|cM, htvr. 
ing.been fully developed and illustrated in the preceding pages, it may 
be proper to conclude this article with some miscellaneous matter that 
could not with pfoprtetv ha^e heen intermixGd with the general princi- 
ples already exemplified* 



• In lliia exerol»aiiii^|i|iaeAlig, »filch are called Biii$ qf PareelSt the prices i>f 
ttxe wWMl »ttte)«Sat*^ft0iM^bd and set in the blank apacca towards the right hand z 
the Mitn of theie {lart^^oynif U.tbe entire amount requited. The-form of tiie flart 
Qt' th^c exmcu» te.tbdt whtath la liioallj employed, when all the articles are bought at 
ftie same timer bat when the times are different, the tonu is geoeraliy that of the nest 
eKer<n«e. The f«maiti>ug exercises of ^^ UAd are left for the pupU to wrt^ out, io 
. Mdpu fM,for'hi9 own improvement. 



PEACTICE. i4S 

Operations in the Rule 
of Proportion may often £ £ s. d. e. q. ih. 

be abbreviated by the me- As 11 ; 6 5 8 : : 7 2 16 

thod of aliquot pans, whe- q 

ther the first term is a \ ' .. .. 

unit or not. Thus, if it . ,_^ , . ^ g. 

irere proposed to find how i/g-^ft 2 IaI 

rouchflour might be bought . V»-*iV 1 u_£J£i 

for £6 5 8, if 7c. Iq. . 11)48_J_2A 

]6tbs. cost £11; the terms Answer,^ ,1 13, 

being arranged in the usual nearly, 

way, we may multiply the 

third term byXG^and take parts of it for 5/8. By this means, 
the produiztbf the second and third terms is found to be 48 c. Oq. 
2T^lbs,;;4ind this being divided by 11, by Compound Division, 
the quotient is 4 c. 1 q. 13 lbs: nearly, the quantity required. 

Thus, also, if it be re- i. b. £ t, <L 

quired to find the price As 12 : 365 : : 2 13 6 

of 365 bottles of wine, at 2 

£2 13 6per dozen(iques- — 

4ion 53, page 79), the work ' 730 

.will stand as in the mar- \^/:=z£^ 1 182 10 



.gin.— Experience will ena- 2/6=1 of 10/ J 45 12 6 

£le the student to judge 1/0=:^ of 10/ | 18 5 

when this metbod may be 

employed with advantage, 12)976 7 6 

iMid when the common __.«- 

method is preferable. j88i 7 3^, Antw. 

As an application of this method to quantities of another kind, 
let it be required to find the sun's mean apparent motion in 10 
days, 7 hours, 20 minntes, 

the mean space which he 59^ 8^'3 

apparently describes each 10 

day in the ecliptic, being — 

69^ 8ff*a Here the daily b. bi« 9^ 51 23 

space being multiplied by 6 0=£4day 14 47*1 

lOby Com()Ound Multi- 1 0=r|of6h. 2 278 

plication, there results 9^ 202=4 ^^ ^ ^- ^3 

51' 23"^, for the space de- —_-.—«,-. 

scribed in 10 days. Then 10 9 27 2 

for 6 hours, a fourth of the 

daily space is taken; for one hour, aatxth of the result; and for 30 

imnutes, a third of this last result. The sum of all these ^s^t^l 

i results is W 9^ 27'''*2 nearly, the mean space required^ ' 

** \ ^ • "' '' 

The foUowiog is another example of the appli< 
prineinle. When the radius of a circle, that is, half 1 
is Ip the half of the circumference is 3*141 59265 { bence^ iet" 
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required to find the length of a part of the circumfereaee con- 
taining 38° 44/ 33". 



Here, half the eircumfb- 
ferfence being 160°, the rea- 
son of the process is obvious; 
and the answer is true, ex- 
cept the last figure, which 
should be 3, the difference 
being occasioned by the re- 
jection of remainders in the 
divisions. 



3-14159265 



30« (y 


(y=i of 1800 


•52359877 


6 


=i of 300 


•10471975 


2 


0=1 of 60 


•03490658 


40 


0=i of 20 


•01163553 


4 


=,\, of40' 


•00116355 




30=^ of^ 


•00014544 




3=,\,of30" 


•00001454 



Answ. -67618416 



Various abbreviated modes of finding prices in particular cases, 
are given in works on Mercantile Aritlmictic. These may be use- 
ful for the pupil who has had considerable experience in arithme- 
tical calculations, and who is well acquainted with the more com- 
mon and general rules for such purposes; but for the less experi. 
enced pupil they are quite unfit, as from their variety and want ot 
connexion they mus^ tend only to perplex and puzzle him, and to 
make him conceive the subject to be more difficult than it really 
ifi. It has been thought better, therefore, that no abbreviations 
except such as are of the most general and obvious nature, and 
such as are likely to be most frequently useful, should be intro- 
duced in the preceding pai-t of this article, but that such others 
as might appear to be worthy of notice, should be inserted at the 
end of the article^ that the attention of the pupil might be di- 
rected to them or not, as the teacher should reckon best. 

To find the price of any number of articles at 2d. each; since 
2d.=:£j^, we divide by 

120: then suice 2d.=Js. '4532 at 2d. 

we take one-sixth of the — - 

remaindeTj, regarded as 2d.=<£T^?5=i of Is. ... £37 15 4 
shillings^ Ibr the remain- 
ing part of the answer. This can all be done in a single line, the 
division by 120 being performed by conceiving the last figure to 
be cut off, and then dividing by 32, In like manner the price al^ 
3d. 4d. or 6d. may be found. 

To find the price at 17/4; find the 
price at 16/ by the method given in 
page 129, andibr the price at 1/4 take 
a twelfth of the result: -and to find 
t-.j j!\ :., .,, , fro;;] the price at 
Uy take ii tweirtii of itself* In like 
jij&aner, to find the iirice at 15/2, to 
the price nt i4/-(ida a twelfth of it-f 
Kdf; lind to fittd the |-rioc at 12/10, from the price at 14/ take % 
twelfVb t>f itself: and Jii.tU, to find the price at 19/6, to the price 
*4r IF/ add li twelfth of itsdf, and to find the price at 16/% from 
^ J ^t^ ■ dee at 18/ tska a twelfth of- itself. 



3729 at 17/4 
8 

2983 4 for 16/ 
248 12 ^ 1/4 

•£3231 16 
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The price at 5/7 J may be found.by adding to the price at 5/ an 
^hth of itself; the price at S/IJ by adding to the price at 8/6 a 
fourth of itself; and the price at 2/9f by adding to the prke at 
2/6 an eighth of itself. The prices at 4/4^, 1/10 J, and 2/2;^, may 
be found by the same rules, except that we are to subtract, instead 
of adding. 

To find the price a$ £6 15, to the price at £6, add an eighth 
of itsdf; and to find the price at 6/9, to the price at 6/, add one* 
eighth of itself. In like manner, to find the price at £3 7 6, to 
the price at ^3, add an eighth of itself; and to find tlie price at 
je2 12 6> take an eighth of itself from the price at £3. 

The price of 24 articles may often be found very readily by tak- 
ing each penny in the price as 2/; the price of 48, by taking each 
hi3fpenny as 2/; and the price of 96, by taring, each farthing as 
2/. Henee, the price of 25 yards at 3/6, is readily found to be 
^4 7 6; for in 3/6 there are 42 pence; and by doubling the last 
figure of this, we have <£4 4 for the price of 24 yards; to which 
3/6, the price of one yard, being added, the ^m £4i 7 6 is the 
required priue- 

JBecause 112 farthings= 2/4, to find the price of lit ttiticles, 
reduce the price of one to farthings, and doubling the la*t figure 
for shillings, take t^e rest as poo&hds, and to the result add a sixth 
of itself. Thus, since in 9|(L there are 39 farthings, to 15nd the , 
price of 1 1^ at 9^d. eacl^^y doubling the last figure of 39, we 
have £3 18, to which tr'sixth of itself being adcbd, we have £4i 
11, the price required. 

To find the price of 120, reckon every penny in the given rate 
10/. Thus, 120 at 4d. each, amount to 40/, or £2; and at 5Ji(, 
to 55/, or £2 15. — The same results would be obfmniid hy taking 
the farthings in the given rate as pounds, and dividing hy S. 

Almost numberless other abbreyiatians might be A[Idl^d• S^eiuld ^aj 
person choose, however, to make himself master of tbo pri'cedi o^ 1;^ 
will find it easy to discover many otliers. 

TARE AND TRET. //''/^^// 

The whole weight of any commodity, logger with the 
weight of the box, barrel, &c. which contains; it, is called 

its GROSS WEIGHT, 

The weight of the bt^x, barrel, Ac. fdiich contains any 
commoditC is called its tare. 

The su™.E WEIGHT is what remains after tliittanp^U 
deducted. 

Trbt is an allowance of 4 lbs. fpr efi^ 104 lb». of tlw 
suttle, in goods that are liable to waste. ^' ; 

H 
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Cloff is an allowance of 2 lbs. in evefy Scwt. of what 
remains after the other deductions are made. This allow- 
ance is for the turning of tbe beam in weighing the goods. 

The NEAT or net weight is what remains filer 2l de- 
ductions have been made. 

The dedi^ctions made in different places vary ; the following examples, 
however, will illustrate the mode in which tkey are to be made, what- 
ever they may be. ^ ^ 

Exam. 1. Required / . c,\ q. lbs. 



.A the neat weight of 3^c. 39 . 3 

^ 3 q. 21 lbs. tare 16 lbs. W — ' — 



21 

cw't. tret andcloffas usual. , 16 lbs.=:l- 5f J c l 5„ 2 «3 

In the several parts of 2 lbs.=j of>16|bs.| 2 ^24 . 

this and the following ope- n "* 

rations, for the purpose of Tare, ^. 1 la 

avoiding fractions^ for the ' -. ■ ■ 

last figure of e^^quoti- Suttle, 33 2 2 

ent, that which i^jarest ^ J[bs.=A o^ 10* lbs..., 1 1. 4 

the truth has been nken« - . 'i 



:. 1 If greater accuracy b«re- 32 26 

^ i V quire<J, one or two pl^^es 2 IbStSTfi of S^.,.. 22 



I/' 



of decimals may be wroiwht 

for. — The reason of fli.e ^ Neat weight, 32 4 

process is sufficiently mar ' * 

nifest. 

Exam. 2. Reqmred ^ ^ ^^ ^^^H 



tiie neat weight of 50 8 lbs.= ft of 1 C. 4 24 

casks of butter, weigh- * lbs.= J of 8 lbs. 2 12 

inggross, 400. 0q.4fts. Tare, G 1 8) , 

tare 12 lbs. V cask. Gross, 40 4 ] ®"^** * 

Exam, 3, Re^mrfid 

the neat weight of 24c, d q.. Its, 

Iq. lalbe. tiire 2\ ^ 24 1 10 - 

cem. ,2J=:Vj> of 100.... 2 12 

flere^ 2|^ bdng afor- ^' ./ ' -« 

tiethof 100, tbetareia ^ ' Keat we^ht, ^ 3 4 

fortieth of the gross weight. ' 

Ejrercijit't. Find the neat weights of the followiijg quantities: — 
K 166 c. q. fi tbs, tare .4 F cent. Answ. 159 c. 1 q. 20 lbs. 
2, ie*c. 1 q* 12 fbj. tare & W cent, tret as usual. Ansuf, 150 c. 
uq, l&!b*j* :^ 

a I04cwt,tflrc 12 lbs, Vcwt. tret as usual. ilJwifl 8^t:. I q. 4 lbs. 
4% ]25c. =fq. 11 rbs. tare 15 lbs. V" cwt. Antw, 10863q.8lbs, 
5. 75 c. 1 q. 26 lbs, tare 13 lbs- ^ cwt. tretasiuual. J^^^ia 
0^1J|lb9*ii^riy. 



""^TS 
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6. ^ c, 3 q. 4 lbs. tare 12 lbs. ^ cwt. tret arid doff as usual. 
Anm, 80 c. 3 q. 16 lbs. ' ? 

7. 133 c. q. 10 lbs. tare 17 lbs. ^ cwt. tret as usual \ns^^ 108c 
?.q..5lbs, 

8. 91 c. 1 q. tare 5 ^ centi Amw- 86 c 2 q. 81 lbs. 

9. 88 c. 2 q. tare 7 J ^ cent. Answ, 81 c 3 q.. 13 lbs. 

10. 24 c. 2 q. 7 lbs. tare 6 ^ pent. Answ, 23 c. Qr!$*10 lbs. 

11. t9c. 1 q. tare 4 W cent. Answ, 18 c. 1 q. 56 lbs. / 
l2. 2? bags weighing gross 45 c. I q. ^9 lbs. tare 5 lbs. W bag, 

tret as ^ual. Answ, 42 c. 2 q. 26 lbs. 

13. 39 barrels, weighing gross 83 c. 2 q. tare 18 lbs. '^ barrel. • 
tret as usiKil. Answ. 74! c. 1 q. 1 lb. ^ 

14. 96 tierces, weighing gross 213 o. tare 23 lbs. W tierce, cloff / 
^.itisual. -4/ww. 192 c. Oq. 15lbs. / j 

15. 141 c Oq. 25 lbs. tare 6 J W cent tret and doW as usual. . 
Answ, 126 c. q. 23^ lbs. nearly. '/ J \ 

c- INTEREST. V/i" /.<./ i 

The sum ta be paid by a person for the use of money 

which he owes, is called the interest of that money. ^ .; 

The money due is called the principal. ^ - ■ 

The sum of the principal ^nJ interest is called the y>^ 

AMOUNT. .^ ' 

* The RATE is the money allowed for the use of one }\\xw--^'^^^f'^x 

dred pounds for any given time, but usually for a year. \ 

When interest M chained on the original principal p»^, 

^ it is termed simple inteuewSt. 

When interest is charged, not only on the ori^hal gJ^fn^V 
cipal, but also on the interest m iU becomes due^ it is called; 

COMPOUND INTEREST. 

It iascarwly necessary to remark, that per cenL means /ktt humfr^, 
Bad per annunii per i/&xr. 

SIMPLE INTEREST.* /^^ ^^' 

'RvhEj^To^id the interest of a given sum far at/^ar, ^tagixwn 
rate per cent, fet annum: multiply the principal by the rate, and 
divide the product .by 100. Or, 

As ^100 ai-e to the rate ^ cmx. ^ annum, so is the principal 
to itS" interest for oi^ yeai^ ' 

^ : . .- '■ ' ' . ■:. .. .-//,,. 

♦ In Intereitfire quantities are concerned, Hie principal^ the rate, the Ume^t\i^^- 
ttrettf and Vne^amount; and any three of these, except the principal, ttie Inter^. on ' 
the aBHpjKW, bQing given, the rest can be fomul. Hence, calculations in Ii'teftot : 




MS INTEREST. 

£:yLam. 1. Required tiie interest of £516 5 8^ for 1 year, ai 
6 W cent, W annum.* 

Or tktu: — fSee note, last page, J 
£576 5 8i £576 5 8J 

6 6 



£34|57 14 3 100)3457 14 3 
20 

Antwer, £U 11 6^ 

11(54 

12 

6151 Here, by the first, or exact me- 

4 thod,the answer is £34 11 6i,with 

t4^ or ^ of a farthing. 

2.04 

The reason qf the operaHon is quite evident, as it is nothing 
more than this: as the principal £100 is to its interest £6, so is 

mit of ^several problems. The most useful however, and consequently that w^iieh tiaixu 
the greatest degree of attention, is that in which th«. principal, the time, and tire nUe, 
are given, to find the interest or amount. This probleni iiiay be resolved in ail cases ifj 
means of tbe first or second rule : the third and fourth, present modified, and in many 
«ases, shorter methods of effecting the same. The ibUowiug rule may also be found 
useful :— 

To^Tdivide money by 100, fbr the pounds of the quotient, take the pounds of the divU 
dcikt, ^Qept t^ two last figures, which are to be divided by 5 for shillingB : from the 
remaiodex with half the shillings of the dividend annexed, reject a twenty-fifth part, 
and r^ard what remains as farthings. If there be pence, or an odd shilling, tb^ eC^ 
feet in modifying the quotient may be estimated as nearly as 
possible. Thus, let it be inquired to divide £S&M 13 8 by 100. « A dL 

Here, by cutting off two figures, we have £89 ; and one-fifth 100)8947 13 8 
of, 47 is 9, the shillings required, and the remainder is 2. This ■- 

remainder with 7, the half of 14 shillings, annexed, becomes £89 9 ^ 

27, from which 3, nearly its twenty-fifth part, being^^ected, 

we have 26 farthing:], or 6|d. We use 14 shillings in this example, because 13/8 is 
nearly 14/. 

J&0 reiuon qf the rule will be understood from the paragraph commendng near th* 
bottom of page lis. 

As another example^ let U be required to divide £2658 16 10 £2658 16 10 
hy 100* KtTe, afier Oiitt^ng or two flgiin.^, we bare £36, and 

&- tHif fifth of ihu runidJDdcr ie 1 1 Ibr shklbM^^ and the remainder £26 11 8| 

^ \ This rti^m Hinder bebig jjftiixtd t& K^, the half of 17/, to 

^hUsli Ii:/iO k iitmrly eq:UiiU wq here ^^, the twenty.fifth part of which Is obviooaly 
ahaut X^. pif^ti 58^^ fjetug diminiihod by tliii quantity, the remainder is 37 fiuthings, or 

-* Thn TAic nnotstett lias v^tried m\ic\\ jt diS^r^nt periodStOnd in diiKrent QOiutriMy 

"" 1 1.; ii 1,11 i ! i;i ^eii^r^l^r fjUsiOTN'ol lo diminish as commerce extends. In Italy, about 

t : . '.yf tbQ the thiriKinli c^-t^Ui ry, It varied between 20 and 30 per cent. ; and 

^ ^ < .J I jJii^ii it *at fixed by CliarJM V. tn 1560, at 12 per cent By an act of ilm 

K^u of Kf-itry Vijl, IhtereH in Efi^l^md was not to exceed 10 per cent By £lst 

)^i*is^. 1. it j«*wi H'liinu^l to B |>er cm\i. Stior] after the Restoration, it was reduced stiU 

^ >^ P^r ^riti ; hi\6 In the ViHi of Anne, to 5 per cent, the present rate. Tte 

I 11 +101^ m Irutiind it i^ vri^tiit 6 per cent. per annum. 
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the prindpal, £576 5 8^, to its interest; and it is evident, that as 
often as the one principal contains its interest, so often will the 
other contain its interest : that is, bv the nature of proportion, 
the interest will be proportional to tlie principal.— iS<^ the com^ 
meneement of Simple Proportion. 

Exam. 2. Required the interest and the amount of ^619 9 6 
for 1 year, at 5^ V cent. ^ annum. 
£619 9 6 at 5J ^ cent 

5| The diTifiion at full length 

; is as follows:— 

3097 7 6 for 6 V cent. £34|07 2 3 

309 14 9 for J ...^......-^ 20 

100)3407 2 3 for 5J 1|42 

12 

AAA S ^ ^ 5=rinterest — 

^^^i619 9 Ozzprincl^al. 5|07 

£653 10 ll=amount. 

In the work of this example the principal is multiplied by 5 for 5 
per cent and, for J per cent, hadf the principal is added to the product. 
At the conclusion .of the contracted division, it gives the result mono 
netirlj true to rejeiet one than nothing from 21, though less than 25, and 
more eq[»ectally as there are three pence in the dividend.— In the ^xam- 
pies that follow, the division at full length will be omitted ; it may be 
proper however for the pupil occasionally tb work exercises both ways. 

exam. 3. What is the interest of ^13^4 1 9 for 1 year, at 
-5 J per cent, per annum ? 

£1374 1 9 at 51^* cent. 

Since Szr^V of 100, . ». 

this example might be 6870 8 9 

wrought by taking a twen^ f:=| of 5.^.858 16 1 

tieth of the principal, and — ^ 

increasmg the result by . 100)7729 4 10 

an eighth of itself. — — , — 

£77 5 10, Answer, 

Exerdies^ Find the interests of the following sums for 1 year, at 
the given rates per cent, per nnDum« 

Exercises, Answers, 

£ s, d, £ M. d. 

1. 774 11 3 at 5 ^«..*,...... ^8 14 6J 

2. 539 12 6 5J ...;, m... 29 13 7 

3. 288 16 6f...« .,.»..,*« B 1^ ^ 

4. 468 16 8 3J .,.„,.,».>«.... ,,..- HJ 6 y} 

6. 254 14 8 5}..; .,.- J^ 7 -^ 

6. 876 12 6 5| ....-.,, *.m-- ^ '^ 1} 
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Exercises. Anstuers. 

^ s. d. £ s. d. ^ 

7. 589 13 4 at 3| 22 2 3 

a S76 12 8 4 15 1 3| 

9. 175 8 2 9 *....r 15 15 8j 

10. 286 4 7 7i ....* ;• 22 10 9} 

.11. 637 11 4^ 5| .....r 37 3 10 

12. 411 1 10 11 ....,.^ 45 4 ^J 

13. 2617 7 3 3^ ....r.. 91 1^ l| 

14. 899 10 7i 4| , 42 14 6| 

15. 937 5 11 ^ 42 3 'g| 

16. 534 3 9i l\ ; , 38 14 7 

17. 39 16 1 bl 2. xO ^ 

18. 67119 5J 4i 28 11 2 

Rule H. To find the interest of a given principal Jbr an^ 
. other time than a year ; (1.) Find the interest for a year by 
rule I. : (2.) as one year is to the given time, so is the inte- 
rest for one year to the interest requh-ed. 

The work may often be abbreviated by finding the inte- 
rest for months or fractional parts of a year, by the method 
of aliquot parts. In using this method, the answer yvill 
often be found with more ease, or with a greater degree of 
correctness by multiplying by the rate ; then multiplying 
or taking aliquot parts for tha time ; and last of all divid- 
ing by 100. 

Exam. 4. Required the interest of £99 2 '4 for 2} years at 
4 per cent, per arnium. 

Li this example the in- Jf 99 2 4 

terest for 1 year is first 4 

found, which is\£3 19 3 J 

nearly. This is then mul- . 100)396 9 4 

tiplied by 2| , the number ' 

ot years. It might have j£3 19^ S^jint. for 1 year. 

been done by multiplying * ^1 

by* 3, and subtracting a "* ■ 

fourth of £3 19 3|.-. 7 18 7 

The formal analogy would > 1 19 7 J 

have been: as ly;:2|y. 19 10 . 

::£3 19 3J:£10 18 OJw ■ 

£10 18 0}, Ansioer. 

Exam. 5. Reqmred the interest. of .£179 12 11 for 1 year 
and 7 months, at 5 per cent, per annuin. 

The interest for 1 year is found, by die method already ex- 
plained, to be £8 19 7f^ The r«st of the work by ialiquot parts, 
IS as|B|ilcws»— 
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^8 19 7}=interest,ft)r 1 year 

6 months=J yeiar 1 4 9 9f=..,.. ., 6 months 

1 month :=^ of 6 mo. 1 44 1 !}=,..« 1 mon^ 

^14 4 5J= interest required. 

In this method the divi- Or ihUs: 

sion by 100 is delayed till <£179 12 4»1 

the end of the operation: 5 

everything else is as before. ,, 

By this means the error * 898 4 7 

that often arises from ne- 6 monthszrj year r44-9 2 3 J 

glectin^ the remainders in 4i month i=^ of 6 | 74 17 0^ 

the division by 100, is done 

away, and the answer thus 100)1422 3AA* 

found is more nearly true, — 

than that which in many £H 4 5^ 
cases, would be obtained by 
the other method.* 

Ejeercises, Find the interests of the following principals for thee 
given times, and at the given rates per cent, per annum. 

Exercises. Answers. 

£ s. d £ s, d. 

19. 812 10 10 for2y. 5 m. at 4J 93 5 5^ 

20. 71918 4 8im.at5i .,......;:.... 26 15 sj 

21. 419 7 9 ™ I y. lOm. at 4| 38 12 9^ 

22. 493 16 8 1 y. 8 m. at 6 49 7 8 

23. 824 18 9 10 m. aft 6 »• 41 4 Hi 

24. 427 8 8 ™ 1 y. 5 m. af 5} 34 16 4^ 

25. 792 12 3 ™ 1 y. 10 m. at 6| 94 9 Of 

26. 250 18 4 -.^ 1 y. 9m.at 5 2119 1^ 

2l 651 7 m. at4J 17 1 9^ 

28. 780 1 4J«^ 1 y. 10 m.at 5^ 78 13 1} 

89. 193 18 2l^2y. at 5f 20 16 11 

30. 584 18 8 ly. 9ra. at 3^ 31 19 9^ 

31.1964 7 6^5m.at6 49 2 2} 

B2. 365 4 laj 2 y. 4^m. at 5| 48 15 lOJ 



* T** i/tttrtU of ff sum far anjf numiifr of mttnltu at E per sent per 
h^ tcif ^oiS^foititd tfi/ muiUpfffing thf mm f)§ ha^ the fotmi^'r ^f fmr^tks^ ani 
tViff f^*vtlf ^ 100 : and Amar iAer intcrr^t nt othar raia may t>e derired by meatMi 
^TMJjT putis. Tfju#i to find the interest tif £5;S0 for KJ usuniiiB, &t 4 uer coot |]»^ 
wt Tinikipir £350 by 5 ■ ond dWidi^if^ the product by ItKJ, wfe dntS the nitae^ 
ctifiL U> be £^ 10 t}. We th^ N^ fTain tliU ft thitd of it-^If, an^I ihcc 
££ G E^the inl^re&t reqiiSrcf]. Thu mtxhvd Uneat and Abort, bitt U seUi<<; 
tvi) bgq^tiL CKlicr txatmn^am int ^IcjUtUifi LQter<$ft tint Rio&(^ ^i 
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Exam. 6. Required the interest of ^342 11 8 for 86 days,-- 
at 4 per cent, per anaum. 

In this exercise the interest for a|re^|r is Ibond to be £ 13 14 0| 
nearly; ami as 365 days : 86 dayft : : <£13 14 0} : £3 4 7 nearly, 
the interest reared. 

Exam. 7. Required the interest of ^£429 17 4, from June 
29, 1818, till Feb. 12, 1819, at d per cent per annum. 

The number of days from the 29th of June, till the 12th of 
Febfttftry following, is found, by the method shown in page 51, to 
be 228; and the interest of £4^^ 17 4 for a year, is found, by 
the method already explained, to be £21 9 10^. Then, as 365 
days : 228 da^ s : : ^£21 9 10^ : ^813 8 6^, the mterest required. 

It will readily be seen, that this and all simUar questions may 
be wrought by Compound Proportion. The terms wul be arrange^ 
thus: — 

Fkid the interests of the following sums for the proposed times^ 
«nd at the assigned rates per cent, per annum,. 

Mr^cises. Ansuiers. 

£, t. (L days, £ s. d. 

33. 456 10 Ofi>r31,at6 ..^* 1 18 9^ 

34. 729 16 3~73, 5| 8 7 lo| 

35. 1000 1, 6 ,...: 3 3ff 

36. 698 14 8.^89, 5 8 10 4^ 

37. 788 14 10-^196, Oj 27 10 7^ 

38. ^l I ^.-.^4, 6 y..... 16 10 9 

39. 447 12 6 from July 8» till Dec. 26, at 5} ,..,, 12 1 2 

40. 487 18 9«<«^Ap. 2l, Sept. 4, 5^ 9 19 llj 

4i. 474 15 3- June20, — Nov. 8, 6 11 1 

42. 94% 1 8 May 1, Oct. 21, 5^ 23 9 4 

43. 364% 8 Aug. 24,..-.. Jan. 1, 6 7 15 8 

R0LE Jn. To \find the interest (^ a ^iven mm for cny 
number of daySf inuUiply the principal by twice therate^ and 
. the product by the days, and divide the reSidt by 7S,000. 

Tlie division by 73»000may: be performed by the following rule:— 
^^dow tkeMkvldend writ0 one^ird of Usetf, mie-tentk^ that third, aud one- 
}^ath ^mS' tenth, r^cting shillings and remainder^': th&n add the four lme$ 
iog^her, 'divide the sum by lOOjOOO {or cut off^jite Jigures), and r^ct a 
farthing for each £\iiin0ie result.* ' 



' , • Tbe 9futct cdrrcctkm It * ftrtbtng for # le 8 4|. The reasoD of Ofh rule will ap|>eiir 
from perfottning the operation IndiOBted in it on 73,000, the result (leiog lOOfiliO. Now, 
IC^ Che excei^ tmt t^n i^fiCK^^WwRttAMA in it 10/)Qi ham, vul 10,001 ftrthiugs 
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The division by 7S,000 may also be facilitated by cottiog off the ci- 
phers, and using the table given in page S5« 

Exam. 8. What is the interest of £372 10 10, from Feb- 
ruary 12, till JDecember 17, 1824, at 4 J per cent, per annum? 



£372 10 



10 
9 



17 




£3352 

£3353 

309 

30177 
10059 



£14 3 \Q\,An»m. 



Or thus: 

1036077 

.... S45359 

34536 

3453 



6, or 
0, ntarlf • 



\ 



14,19425 



1824 being a leap year, the num- 
ber of days is found to be 309; and 
the product of this, of the given 
principal, and of 9, (twice the given 
rate,) being found, as in the margin, 
ia £1036077^ nearly; which being 
divided by 73,000, the quotient is 
£14 3 lOJ, the interest required. — 
The division by 73,000 by the second 
mode wiU ^tand as in the margin, 
below the -aswer as found by the 73000)1036077 
first method. — After cutting off five 
figures, we have £14 remaining to 
the left. Then, according to the 
method shown at the bottom of 
page 1 13, we divide the number ex- 
pressed by the next two figuffcs by 
^, and obtain for quotient 3 shil- 
lings with the remainder 4. — t*re- 
fixm^ this to the next figure, we 
hav^ 44; and rejecting 2, for a 
twenty -fifth of 44, we have remain- 
ing 42 farthings or lO^d. We then 
correct the result by rejecting 1 
farthing, and we find the same re- 
Milt as before. £14 3 10^, Amio. 

Tht reoion of ike rti/*^ will be evident from the operation by Com- 
pound Proportion, if, instead of £100 and the rate i?'cent, their 
doubles be employed. Thus, we should have, in this exercise, 

^*£TL,. ; S days \ '■ ■• *372 10 10 : ^14 3 lOJ, 
and in working this, we should, by the rule for Compound Pro- 
portion, multiply together the principal, the days, and twice the 
rate, and divide the product by 365 X 200, or 73000, 

It is easy to see, that when the rate is 5 per ceitit since the doub1# 
if 5 is 10, it will be sufficient to divide tibe product of the principal 
and days by 730a 

JSxerciset, . , '^ ArOiten, 

' £ t. d. ■' ^ £ «. d, 

4k <^ 15 6 from June 2, tiH Nov. 2di iif * W4*t 15 JS.W 

U. 1 1«0 10 Mar. 23, Nov. 2, wwi 6 .V..^, .4f 5" 2 

Ufc 688 18 4 Mar. 10, _ Aug. 25, ^ ^ ....V*^"^* ^ ^ 

H3 ^ ;■;--•;../ 



/ - <^ 



14 3 10 



Correc, . 
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Exercuei, ]r Antwcrf, 

£ s. <L £ s. d^ 

47. 884 8 B from Mar. 3, till Oct. 28, at 5 ..^. 38 19 4 

48. 4868 15 June 8^ Nov. 1, — 6J .,...126 11 9 

49. 597 10 8 Majr 6, — Aug. 21^„ 5^ 9 12 JB^ 

The fbllowing rule will be found very easy and practicable in late^&t 
snd Discount: 

Rule IV.* To find the interest of a f^ven principal for 
any number of day^y at 4 per cent, per annum ; (K) multiply 
tlie principal by the days : (2.) to the product add one-ten tff 
of itself: (3.) from the sum take four times the same pro- 
duct, wanting the three last figures : (4.) divide what re- 
mains hy 10,000 (or cut off four figures ;) the quotient will 
be the answer nearly. 

When the interest is large, reject a farthing for each i^lO 
contained in it. 

For other rates than 4 per cent, increase or diminish the 
product of the principal and days, by the method of ali- 
quot parts, and then proceed by the rule. 

Exam. 9. Required the interest of £8985 14 for 12 days* 
at 4 ^ cent. ^ anniun. % 

Here the product of the principal and i£8985 14 , 

days is ^6 107828 nearly, and the tenth of 12 

this (found by setting each figure one 
. place nearer the right hand side, and in- 
creasing the unit figure by 1, bjecause 28 
is nearly 30,) being added to it, the sum 
is 118611. After this, we nmltiply 107 
by 4, and increase the product by 3, (car- 
ried for 4 times 8, the first of the figures 
cut off:) the result, 431, is then subtract- 
ed; and the remainder, 11^180, divided 
by 10,000, in the way pointed out in the 
last example : theqaotienths^ll 16 4:|, 
from which, because it is nearly £10, a 
farthing is subtracted, and the remainder, £11 16 4^ J^nsw. 
£Xr 16 4, is the interest requiredL — 

« The fbnowiog method of finding interest for dayBst 6 per cent per annam, nay I>t 
found usefitl, when c!ie interest to l)e found Is not -very large. 

Divklc the product of the principal -and days by 100 } take one-third of the qinnient 
Uir thiltiiigs, and DnCi^ixth of tie remainder fur farthings ; and from the wta tfaos ob> 
tsimeti, re>pct « penny ftxr each «x nhillini^ contained in it j the remainder will be the 

^^ricidicr ca^^l^cti«l m^y unnetirLre^ be tiiJiiCp by adding ta the retuU obtained by the 
ptv«JUTig put^r the rule, a pf^^y f^ «u;h ilx f hUiiugt contained in the first oorr$c. 
' icu 1 or a fiBinf for each £90 in the eotlirH ij^^tttreit, will fire nearly the same oor^eeHait. 



107828 
10783 


8 
nr 


U8611 
43t 


r 


11,8180 


£11 16 


4:- 
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Had the rate been 5 F cent, we must have increased ^107828 8, ' 
by one-fourth of itself, and thfti hare added to the result o^e- 
tenth of itself^ &c. , 

With respect to ihe reason of this easy and expeditious rule, 
the reader who has studied decimal fractions, willfind by the last 
rule, that the interest of ^61, for 1 day, at 4 ^ cent. ^ annum, is 
^68-1.73000, or ^$'0001 096, nearly, or £*0001 1— £-0000004, nearly : 
and it will appear on a little consideration, that the operation by 
the rule is nothing else than multiplying by -0001 1 and -0000004, 
and takiq^die dil^rence of the results.^ The correction is neces- . 
sary, be<^de fJie decimal -0001096 is not the exact interest of 
one pound for a day. 

Exercuet* Answers, 



50. 
51. 
52. 
53. 
54. 
55. 



£ 

773 
593 
374 
246 
511 
176 



d, 

8 from June 



6 



10 

8 

4J. 



May 12, . 
April J,- 
Mar. 14, , 
May 13,. 
Mar. 17,. 



9, till Dec. 6, at 4 15 



.Oct.29,«.«4 11 

. Dec.29, 4 11 

• June 8, 6 ........ 3 

. Sept.29,.^6 .11 13 10^- 

. Aug.25y^5i 4 5 » 



d. 
1 

H 



The calculation of interest on' accounts current, affords a useful 
application of the preceding principles. An account curkext 
contains a statement of the mercantile transactions of one person 
with another, when immediate payments are not made. It is usu> 
ally written on two pages, in the manner of a ledger account; the 
page towards the left hand conttuning every payment made by the 
merchant who furnishes the accost, ana the other page every 
thing that is paid to him;^At the foot of pages 156 and 157, is a 
specimen of this kind of account, and the following is the method 
of calculating the interest on it, at 4 ^ cent. W annum. 

d, da^» Dr. 6V. 

6X303...56472 
0X288...61^76 
4X173..-71867 

4X261..; 43500 

0X248 86279 

OX 75 15000 





£ 


s. 


Feb. 


11, To 186 


7 




26, To 214 


10 


June 


20, To 415 


8 


March 24, By 166 


13 


April 


6, By 347 


18 


Sept. 


26, By 200 






190115 144779 
144779 ^ 
4.5336 " 

4 J^ro 




^9 



fri 



\ 



£4 \^ f J, int^r^^ 
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For rightly understanding this calculation, it is necessary to con- 
gider, that the account is made up till the 10th of December, and 
the interest calculated on it till that date. We place in a column, 
as above, all the sums on the debit side, and then all those on 
the credit side, prefixing to both their dates, and to the fomter 
the word to, and to the latter ^, for the sake of distinction. We 
next find, successively, the number of days that elapse between 
Feb. 1 1 and Dec. 10, between Feb. 26 and Dec. 10, &c. and place 
them in the next column. A debit column and a credit one are 
then formed, and all the sums on the debit side ate multiplied by 
the corresponding numbers of days, and the products are placed 
in the debit column. In like manner, the products of the sums 
on the credit side by the days which follow them, are placed in 
the credit column. The ^ms of the two columns are then taken, 
and the debit side is found by subtraction to exceed the other side 
by 45336; which by means of rule IV. (or o&,nile III.> gives 
£4: 19 4^, the interest due on the entire accoui]|p» This is placed 
on the dd)it side of the account; and then the siim of all on the 
eredit side is taken from the sum of all on the d^bit side, and the 
remainder ^106 13 10^, 13 placed on the credit^side, and is the 
sum due by the person to whom the account is furnished. It is 
scarcely necessary to say, that the two last lines, in Italics, form 
the antufer of the account, being found by the caJcuhtor. 

It may be proper to require the pupil not only to perform the coku- 
tton of the interest on Uie following accounts current, but also to writs 
the accounts out in proper form on a sheet of paper, after the manner 
of the specimen given at the i^t of this page and the succeeding. The 
answers are in the lines which ai^ printed in Italics. 

Exercises 57, 58, 59; Required the principal and interest due on 
each of the follo\MDg accounts current, till the date at the end of 
each, the first at 6, the second at 5, and the third at 6 IT cent. V an. 

Dr. Mr. J. Fox, in Account Current, with S. BeUm Cr, 



1824. 
May 19, 
Aug. 23, 
Oct. 4, 
Nov. 18, 

1825. 



To goods ...512 

To tea 273 

To goods ... 186 
To ^tigar ... 272 
Tobaimdl 



Jan. IbJ <f interett ] 



10 



1824. 
June 13, 
Nov. 8, 
Dec. 1, 

1825. 
|Jan. 18, 



£ 
By cash ,... 400 
By wheat... 680 
BybiU 73 



f . d, 

18 



5 8 



By Balance 
tonewac. 



100 16 9 



^1255 5 



^1255 P 5 



Ex. 56, JDr. 



Mr. John Jardine, Newry, in Account 



r 

6 


4 



jh:^4. 

Feb. 11, 

26, 

June 20, 



To balance by account furnished , 

To. amount of sugar 

, 0^o amount of mm and sugar ...«. 
Dec. 10,* t ^ mfercsidtw on this atcount 



£ 


s. 


196 


7 


214 


10 


415 


8 


4 


19 


821 


5 
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Dr, Mr. C. Johns, Dublin, in Account Current, with Cr, 
Thomas Linn & Co. Belfast. 



1824. I £ f. 

Sept. 3JT0 balance 1280 3 
Dec ^1,ITo linen... 793 18 

1825. 



Jan. 27, 
Mar. 26, 
June 26, 


Br. ] 


1824. 
Feb. 9, 
xMay 7, 
July 8, 
Aug. 18, 



To goods...l040 
Toliiien... 838 
To balance ? qc 
o/interestS 



5 
14 

9 10^ 



«e3978 10 11^ 



1824. £ s. a. 

Sept. 19, By sugar 1510 10 

1825. 

Mar. 20, By goods 124ji 8 

May 25,By bUl 912 16 8 

June 26, 



£3978 10 Hi 



Mr. T. Hart, in Account Current with H. Orr. 



£ 
Toliiien... 768 
To lawn.... 436 
To goods.. 948 
To Bnen... 673 



Oct. 29, To balance I o± ^ 
qfinierett. ] "^ ^ 



£2861 13 11 



1824 
April 1, 

June 27, 
Sept 11, 

Oct. 29, 



By sales of i 



£ 
419 



flaxseed ) 

Bysiigar 500 

By bill on -) 
Ash&Co.(l533 12 

London 3 
BybaUince ) ^q jg 
> to new ac, y 



£2861 13 11 



Ex. 60. On the fifth of January, 1822, the public funded debt 
of Qreat Britain and Ireland, consisted of 

£534,355,086 6 11 at 3 ^ cent. V annum ; 

29,547,003 19 3-_3i 

75,947,763 19 4^4 

and, 153,056,763 7 9^5 

Required the annual interest of the whole. Answ, £27,755,546 9 1|. 



The following rules serve for the r^olution of the remaining cases of 
laterest. As these cases are of mioor importance, the rule» are given 
without proof, and without illustration by examples. They are easily 
proved however, by the principles of proportion ; and the pupil will 
fiod it easy to apply themg^ the resolution of the subjoined exerciser 



Current, with Charles Caulfibld, Bel&st. 



O. 



1824-. 

April 
Sept, 
9e«. 



1 



6, 
26, 
10. 



By amount of Hour , „., 

By c£i5h,.... ,*.„,. „ 

By hiil on Cavan & Co. DtibUn. 

Bjf balance to j/aur debit in a neut account 



£ 


s. \ 


d. 


160 


13 


4 


3^7 


la 





5300 








lOQ 


13 


lOi 


m^^ 


■5 


_J*I 



^J 
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Rule V. To find what principal, in a given time^ would produce 
« given interest, at a given rate perfent. per annum; 

Ex. 61, How much money must be lent on the 2d of April, at 
6 ^ cent, V'anmun, to bring in for interest ^£24, on the 18th oF 
November following? Answ. £6U 15 7}. 

62. What principal, at 5 V cent. ^ annum, will bring a yearly 
income of ^341 5 ? Answ. £6S25. 

.63. What principal lent from the 24th of March, .1824, till the 
1 7 th of November, 1825, at 4J V" cent. ^ annum, will gain £1200? 
Ar^v, £16141 10 3*. 

64. What principal at 5 ¥" cent. ^ annum, would be equivalent 
to the funded national debt of Great Britain and Ireland P-^^iSev 
i/te answer to question 60 of this rule J Answ. £555,1 10,929 2 6. 

Rule VL To find what principal, in a given time, would increase 
to a g^ven amount, at a given rate per cent, per annum; (1.) To the 
product of the time and rate, add the product of £100 and 1 year 
m the same name as the given time: (2.) Tiicii, as the sum is to 
the abovementioned procfauct of £100 and ^^ jear, so is the amount 
to the principal. , 

65. What prflicipal lent on the 1st of January, 1824, at 5 J ^ 
cent. W annum, would amount to £1000, on the 29th of Septem- 
ber in the same year ? ^fwtt;.£960 12 6i. 

66. What sum must be lent at simple interest, at 4 ^ cent. ^ 
annum, that the amc^nt. at the end of 2 years, 1.0 months, may 
be £627 18 6? Answ. £5Q4: 1, 

Rule VIL To find the iime in whidi, at a given rate, per cent, pep - 
annum, a ^ven principal would produce a given interest: 

67. In what tune will £460 amouftt tto £500, at 4^ V cent. V 
annum? Answ, 1 year, 340 days. 

69. How long must £2000 be knt at simple interest, at j^p^ 
cent, per annum, to amount to £2280 ? Answ. 4 years. 

60. How long must £887 5 be lent at 5 ^ per cent, per anaum,^^ 
simple Interest, to gain £120? Answ. 24|tars, 210 days. . , 

Rule VIII. To find at what rate a given principal would j^^ 
given interest in a given time: "^ ^ 

As given time 1 1 year 7 . , !«f^«„* . ^»« 
^ihcipal ?£iqO ^:2.«>tere8t:rate. 

70. At what rate per ;^ent. per <|iiAum, simple interest, wilt 
iei500 mu>tx^i.Xo£^^ii$(K,m H years? Ansut. £5 3 6f 
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71. If a merchant, with a capital of ^5000, gain ^£2000 in 2} 
years, at what rate per cent, per annum, simpte interest, has he 
gained? Answ, £H 10 11, nearly. 

72. U £1 amount to jCI 2 9 in 3^^ears, at simple interest, at 
what rate per cent, per annum must it have been lent? Anstp, 
je4 4 7A. 



DISCOUNT. 

Discount is an abatement made for advancing money 
before it becomes due. 

The money which is received as the full payment of any 
debt or bill due some time aftefi is called its present 

WORTH. 

Rule. To find the present worth of a bill or debt, (L) 
find the interest of the debt at the given rate, and for the 
given time : (2.) consider this interest as discount, and sub- 
tract it from the debt to find the present worth* 

Exam. 1. Required the present worth of a bill of ^170, due 
at the end of 3 months, at 5 per cent, per annum. 

Here, by the method already explained in IntereSt, the discount 
is readily found to be £2 2 0; and this being taken from £170, 
the remainder, £167 17 6, is the present worth. 

Exam. 2. What is^h^|>resent worth of a bill of £39 5, due 
on the 1st of Seotember, but pdd on the 3d of July preceding, 
discount being allowed at 5 per cent, pec annum ? 

The time here is 60 days, for which the interest of £39 5 is 
found to be 6/5}; and by subtracting this from £39 5, we hav^ 
remaining £39 18 6 J, the present worth. 

In Great BrUmn and Ireland three dayt^ cMed days of grace, 
are always allowed after the time a bi/i » nomnaUy due, before it if 
legally due. Thus, suppose a bill w^re drawn on the 8th of April, 
at 4s 9u>nths, it would be due, not on the Sth, but on the 11th of 
August / * • 

It may be remai:]ced, tiiat if, wtthm4he di^s of grace^ a bill should 
appear to be due on the thirty-first of a month which contains only thirty 
^bys, the last day of that month is to |)e taken, and not the first of the 
mbMi and consequently, the tliird of jjbe next month will be the day on 
which, by the addition of the days oMfrace, tlie bill will be really due. 
Thus, a bill drawn on the thirty-first of August, ttt ^ee months, 
would be due on the third of December. In like manner, a bill, 
.which, without the addition of the days of gw», wookl be due on the 
iw«nty-ointh, thirtieth, or thirty-first of Febmary, if that monU>^oo^ 
tained so many days, would be really due (^ the third of Ijirfch.— It 
may be farther remarked, that bills which fall di|e on Suy^h^« ^« P»><1 
in Britain on Saturday, but in Ireland on Monday. • *** 
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Exam. 3. Required the present worth of a bill of ;6?7, drawn 

8th March, at 6 months, and discounted 3d June» at^d per cent. 

per annum. 

By counting forward 6 months and 3 days from the 8th of March, 
we find this bill to be due on the 11th of September^ The num- 
ber of days from the 3d of June till this da6e is 100, and the in- 
terest of j^7 for 100 days, at ^ per cent, per annum, is found ty 
any of , the methods formerly explained, to be j£l I 1^, mid con* 
sequently, the present worth is £16 18 lOj. 

Exercises, Required the present worths of th^following bills, at 
the given rates Y ceat. ^ annum: s'Ti 

Exercises, * LJJ 

£ $, d, Draivn, 
416 3 4, Mar. J, at 



Answers, 



1. 

2. 533 6 8, Sept. 5,. 

3. 218 11 8, Aug. 14,. 

4. 607 3 4, May 22,. 

5. 895 12 0, Jan. 5,. 

6. 284 8 8, Sep. 25, . 

7. 588 12 8, Mar. 6,. 

8. 486 18 8, Mar.25,. 

9. 875 5 8, Feb.25, . 
iO. 388 2 6, Dec. 8,. 

11. 1000 0, Feb. 16,. 

12. 568 12 9, Apr. 27,. 

13. 447 12 6, June 23,. 

14. 511 3 4,Mar.31,. 
16. 649 13 4, Nov, 9,. 





Discounted^ £ i. 


7 mos. June 9» at 4 .... 410 16 


. b,^ 


^Nov. 12,.« 


^4J... 527 10 


4,^ 


^Oct. 3,.^ 


«.4 ....216 15 


5 


..July 10, _ 


.5i....597 7 


11 


^May 9,.^ 


^5 .,..869 9 


5 


^ Nov. 30, ^ 


^6^.... 280 .1 


6 


^June 11, ^ 


..6 ....579 18 


.10 


^June 19, ... 


^5 ....472 1 


7,™. 


..June 4,^ 


«5....861 7 


6...^ 


^ Mar. 25,.^ 


^ 6 .... 383 2 


11 .^.... 


., Sep. 12, w. 


«.5J....980 U 


7 


..June 3, L 


^5 ,...554 12 


. 6,..-^ 


^July 8,.., 


..5f....435 11 


. 7 


^May 8,.. 


^6i....494 |7 


9 


.V April 19,.., 


^5 J.... 638 S 



d. 
H 

"i 


6 



■a 

4 
4 

H 
2 



Ex. 16. Required the discount of £284 13 0^, for one year, 
at 5i per cent, per annum. Amw^ £15 13 I5. 

17. What is the discoui>t oC £549 9 5 J, for 32 days, at 5 per 
"• cent, per annum? Jfwrw;. £2 8 ,2. M 

18. What is thd^resent worth of £970 18 4, due at the €ti4kof 
19 months, at 4| per cent, per annum? Answ, £897 17 11. ^^ 

The rule which has been given above for the calculation of discount, 

is that which is always employed by merchants. It is founded b^infevtr 

U\/^ o« a principle radically falhe; and always sines th& discount too target and 

■j \ consequerUly the present^w^th too small, by the interest of the true discoimt. 

Titis will ap{»ear manifest, if we con*<fder, that the true present wfHkef 

■am/ debt, is such a sum as uHnddy if Icfit at interest at tbeass^nedffitfm 

<imount to Htat debt at the time M which it would have been due .• And cxtn* 

tequendy the discount, or tlie dilfere«rt between the present Worth t^xid 

^^ tl»e debt, should b«, not^e interest of the debt, but tiie interest of the 

- V ^ present worth 5 and tl/©refore' Ihe interest of tJie debt will excped 'tb« 

^ true diseonot, that is, fli# interest of the present worth, by the interest 

of ^^t discoutiU * ,. 

TMtrue present worth will be found by the fallowing analogy :i^^ 

the nrnduf^t^^^QO for t/ie given Hme atid at the proposed rale^ is tit ^ 100* 

;■ ",-V.v <. ^ 

j?r ■:■>:.- 
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10 tf the debt to Us true preient worth ; aod the present wortli being sub- 
tracted from the debt, the remainder is the discount. 

^he rea»on qfjhis rtde will be evident from the consideration, tha^ 
;I^1(X) is the present worth of its amount regarded as a debt: and conse* 
quently the analogy given above will become simply this: as the amount 
of £100 considered as a debt, is to ;£^100, the present worth of that 
debt, so is any other debt ^o its present worth. It is obviays also, tiiat 
for the two first terms of the analogy, we might use the amount of any 
turn wltatever, and that sum itself; but it is generally more simple and 
easy to employ £100 and its amount. 

To exemplify this rule, let it be required to find tJie true present 
worth of £200, due at the end of a year, at 5 per cent, per annum.—- 
In this case, the amount of £lOO being £105, we have, by the rule, 
this analogy: — as 1^105 : ^100 :: a^200 : £l 90 9 6^ the present • 

worth required.. By the common rule the result would have been £l90: 
consequently the errbr is y/6^ 

Ag<^* let it be m^uired to find the true present worth of £46S, for 
7 months, at 5 per cent, per annum. Here the amount of a^lOO is 
£102 18 4 ; and tlierefore, as ^102 18 4 : a^lOO: : £'163: £44^ 17 6j 
nearly. By the common method the result would be £449 9 11, and 
the error 7/7 J. "^ "^ 

This question, and all similar ones, may be very, easily wrought by 
the following rule i^-MuUiply the months hy the rate, and add the product 
to 1200 ; then, as the sum is to 1200, so is the debt to Us true present worth.. '^ 

Thus, in the preceding example we should have this analogy : as 1235 c 
1200: : £463 : 449 17 6}. The reason of this rule may be thus shown t 
as 12 months < 7 months :i £5: £|f, the interest 9f £l00 for 7 months. 
Then, as J^lOOf^ : jglOO, or by reductioa of both to twelfths, as 1235 
il200::^c. ' 

As ancithef exi^ple, let it be required to find the correct present 
wortiHrf £512, due on the 19ih of September, but paid- op the 8tli of / y 
MajfpreWing. \^ / 

nuipbej^'M days being 134, we have this analogy : as 365 (// ^^- 
- :\i £5 : £1 16 8 J, the interest of £l00 for 134 days: 

or 16 8J : sflOO : : ^512 : i:502 15 5\y answer. 
ion, and all others in which it is required to find the correct ' 
present wortfi of a sum for a given number of days, may be wrougbi 
more easily and more accurately by the following j}i]e '.-^-^MuUipfy the 
days by the taU, and add tfie product to 36500 (=365X100 :) tHfn^ as 
this sum is to 86500, so is the debt to its true present worth, Thus,^ in the 
present example 134X5=s670, and 36500-f 670=37170: then, as 
37170 : 36500 : i ^^512 : 3^502 15 5, the present worth. 

Tin 5 rub depf^nds on the some principle as die \mii ami the reason of 
it tnay be lliu* illustriited. As iJfi5 dwys ; 134 daja : : £5 i If^^, lh*r 
Interest of ill 00 for 134' days, at 5 per ctnt- per annuiij, TLen, a^ 
ilOOf-gg^ X £iQO ; or Ly redaction Uj thrL^ti^luiiidredv-agid-silly'lifihs, as 
37170 1 3^500 I : the djibi to Sts presL^nt wtinb* — Both these rules nreia 
tealtty the sjune as ruJe VL in Interest.* 

* Uiik^ the tlxiip be great, tbtr (pue pn^ieiit ironl] may be residU^ dvriTCd h)f flpp™^ 
mitwQ ffoin that fdUDd tiy the commcn iniHihciL!» by fiiidin^ ihu liii^CEi «jt tJie intetc* 
MiA lijujiJ. and ^d4iti£ it to \\\9 ^r«eiiv uorMi fcund by IheCudnna) iT5eU>«il* UiCfl l^f 
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The following examples and considerations will 'perhaps be useful in 
riiowing tlie falsity of the commun method of discount. 

If a person have a bill for :felOO payable at the end of a year, at 5 
per cent, he will receive, according to the common method of discount, 
only £95 for it; and were he to lend this sum for a ytar at the same 
rate, instead of £1CX), to which it obviously should amount, he would 
receive only ;^99 15. The true present worth is £95 4 9^, and con- 
sequently the error 4/9f. Again, had the same bill been payable at the 
end of two years, the present worth; by the common method, would 
have been £90, while it should be i?90 1 8 2-^. The error is conse- 
quently 18/2-^ and £90, instead of amounting to ^100 at the end of 
twa years, would amount to no more than £99. Had the time been 
four years, the present worths would have been i;80, and Jt83 6 8, 
and the error £3 6 8. The amount also of the present worth, ^80, 
would be aS96, and consequently £4 less than it should be. If the time 
had been ten years, the present worths would have been £50 and 
£66 13 4, where the error is £\6 13 4; and the amount of the pre- 
sent worth £50 would be £75 instead of j£100. Finally, were the time 
20 years, the present worth, according to the common method, would 
be nothing, while it should be ^§50: and were the time greater than 20 
years, the present worth would be unassignable, as it would appear to 
be less than nothing ; or if any meaning could be attached to the result 
of tlie operation, it would be, that the person who held the bill, instead . 
of receiving any thing for it, wou^d be required to pay something to get 
it off his hands. 

From these examples, it will appear how very erroneous the com- 
mon method of computing discount is, when the time is long.* la 
every case, indeed, the discounter of the bill has a greater rate of in- 
ierest for his money, than the nominal rate; and the longer the time, 

finding the interest of this last interest, and subtraetmg it from tlie approximate present 
worth ; and so on by adding and subtracting alternaicly, the interest of the last.uiterest 
till the correction becomes so small, that it would be unnecessary to carry the (qieration 
farther. When the time is very short, the true result will often be obtairfed as easily in 
this way, as by the principles above explained. 

As an exafnple, let it be required to find the present worth of a bill of £140, due at 
the endt>f 9 montlis, at 4 per cent, per annum. 

Here the'Hiterest of £140 is £2 16 ; that of £3 16 is 1/1|, and that of 1/1| U a farthing. 
Then, by subtracting £fi 26 from £140; by adding I/l| to the remainder, and lastly, by 
subtracting a farthing from that result, wn find the present worth to be £1S7 5 1|, which 
ii correct 

* It might be shown algebraically, that the error In the common method of cal<ni. 
lating the discount or present worth of a given debt, at a given rate, is nearly propor- 
tional to the sqxiare of the time, when the time is small, or more proi)erly when the dis. 
count is small compared with the debt Thus, at 5 per cent per annum, the error ou 
a bill of £1000, fur 2*iaionths, is nearly l/^, while for 4 months it is nearly 5/5^ or very 
nearly 4 times 1/4J. 

It might be shown in nearly Uie same manner, ^at the error in the sums to which 
the present worth of a given sum found by the commoA method, would amount at the 
given rate, would be exactly proportional to the squares of the times. Thus, in the ex- 
airples in the text in this page, it appeared, that in ca e of a bill of £100, payable in a 
year, at 5 per cent, per annum, the ani<Mwt woald be £99 15, while, if it were payable 
in iwo years, the amount would be only £00 the error being in the one case 5/, and ui 
Uie other, £l. or i^times 5J . ' 
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iKe greater is tliis rate. Thus, to recur to the last series of examples, 
since by paying £93 at present, the discounter will be entitled to £100 
at the end of a year, he obviously gains £5 on £95 ; and therefore, as 
3^95 '. £5 I I £100 : £5 5 3^ his gain per cent In like manner, if 
the lime were two years, the gain per cent would be found to be 
£5 11 1^ ; if four years, ^^6 5 ; if 10 yiears, 10 per cent ; and if 19 
years, cent per cent 

It is true indeed, that when the time is short, as it generally is in 
real business, the difference between the results found by the two me- 
thods, is inconsiderable ; and therefore the common method, the calcu- 
lation for which is so easy, may be employed without much error. Still 
however, the principle is false, as it gives profits to the discounter, which 
are not proportional to the times. It may be said, indeed, that those 
who keep money for the purpose of discounting, are entitled to more 
tlian the simple common rate. This may be true ; yet at the same time, 
it does not prove the (Correctness of the principle on which this mode of 
computation depends ; since, if the discounter is to have a greater rate, 
it should be some fixed rate, and not a variable one, deponding on the 
time the bill has to run. 

Should it be thought advisable for the learner to work Discount in tlie 
correct method, the exercises at the beginning of this article will serve 
his purpose as well as any others ; and the following are their answers 
by that method :— 

7Vue Answeri, 



Ex. 



£ s. d. 


£ s. d. 






£ i. 


d. 


1. 410 17 UJ 


Ex. .7. 580 1 OJ 
8. 472 9 ll| 


Ex. 


13. 


435 17 


8 


2. 527 12 2\ 




14. 


495 7 


H 


3. 216 16 0| 


9. 801 11 10| 




15. 


638 12 





4. 597 10 7J 


10* 383 4 2| 




16. 


14 16 


n 


5. 870 4 2} 


11. 980 18 ■"71 




17. 


2 7 


ii| 


6. 280 2 3} 


12. 554 19 1 




18. 


903 


H 



COMMISSION, INSURANCE, &c. 

Commission is the sum which a merchant charges for 
buying or selling goods for another. 

Brokerage is a smaller allowance of the same nature, 
paid usually for negotiating biUsy or transacting other mo- 
ney concerns. 

Insurance or Assurance is a contract by which one 
party, on being paid a certain sum or premium by another, 
on account of property that is exposed to- risk, engages in 
case of loss, to pay to the owner of Uie property the sum 
insured on it. ^ 

RuLB I. To compute the commission^ brokerage, ituurance, 
or any ciher allowancA on a given sum, at a gvoen rate per 
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cent,; multiply the sum by the rate per cent, and dmde the 
product by JOG: or, as £l0^are to the rate per cent, so u 
the given sum to the allowance required. 

The work may often be abbreviated by the method of 
aliquot parts. 

Exam. 1. Find the commission on £791 11 8, at 2\ ^cent. 

Here, by multiplying by 2 J, and dividing by 100, we find for 
the answer j£ 19 15 9\, The same result would be obtained by 
dividing the given sum by 40, since 2J is a fortieth of 100. 

Exam. 2. Find the brokerage on £829 14 6, at 3/6 ^cent. 

Here, aliquot parts are taken £ s. d, 

for 3/6, and the result being di- 829 14 6 

vided by 100, the quotient is ■■ 

£1 9 0^, the brokerage requu-ed. 2/6=£% 103 14 3} 

In like manner, had the rate been l/0=£^ 41 9 8} 

£^, £f, or any other fractional ■ 

rate ^cent. aliquot parts must 100)145 4 0^ 

have been taken for the rate, and ■ 

the result divided by 100. £19 0^ 

Exam. 3. Required the premium of insuranoe on £512 9 4^ 
at £6 16 6 per cent. 

Here, by multiplying b^ £ #. dL 

6, taking parts for 16/6, and 512 9 4 

dividing by 100, theinsurance 6 

is found to be £34 19 6^. — 
The result, in this particular 
exercise, might be found 
more easily by multiplying 
by 6 and dividmg by 100, by 
which means, the insurance 
at £6 ^cent. would be found; 
and thence the insurance at 
£6 16 6 WcenU would be £34 19 6^ 

deduced by adding to the 

result 'an eighth of itself, and a tenth of that ei^tb; because 
£6 16 6 is six times £1 2 9, the best parts for which are 2/6=^ 
of £ 1, and 3d.z=T\y of 2/6, ^jjjL 

Rule II. Tojind how muck must be insured on propm(l^f^i>rth 
a given sum, so thatf in case of loss, both the value of the pro" 
peril/ and the premium of insurance may be repaid: (1.) sub* 
tract the rate from £100; (2.) as the remainder is to £100, 
so is the value of the property to the sum to be insured. 

Exam. 4. How much must l>e insured, at 8^ ^ cent on an 
adventure of £600, that, in case of loss, not only the value of the 
adventare, but also the premium of insurance, may be repaid? 

Here, as £100r-£8i : £100 : : £600 : £655 14 9. The truth , 



12/=TVof£6 
4/=i of 12/ 
6d.= i of 4/ 


3074 

307 

102 

12 


16 
9 
9 

16 







100^ 


)3497 


11 


8i 



COMMISSION, INSURANCE, &c. 165 

of this operation is proved by finding tlie premium on i£655 14 9, 
at 8^ ^cent. This is found to be £55 14} 9. Hence, in 
ease of the adventure being lost, the owner will receive not only 
^600, the value of the adventure, but also £55 14 9, the pre- 
mium; and thus he will sustain no loss whatever. The reason will 
appear manifest from considering, that in receiving j£100 which 
had been insured at 8^ ^ cent, the owner would receive but £9\^ 
in lieu of the property, £8 J having been paid for the insurance. 

Ex. I. What is the commission on £942 16 3, at 4^ ^cent.? 
Afuw, £42 8 6^. 

2. Required the brokerage on £946 18 10, at 5/6 Fcent. 
Antw. 2 12 1. 

3. lie^uired the commission on £569 14 9, at 7^ ¥'ceiit. 
Antw. £42 14 7^. 

4. What is the premium of insurance on £675 11 8, at £5 13 9 
Vcent.? Answ. £38 8 5}. 

5. What is the expense of insuring a vessel and cargo, worth 
£3649 8 0, at 3^^ cent.? Answ. £118 12 1^. 

6. Required the premium of insurance on £1486 13 9, at 
£2 16 lOfFcent. Answ. £42 5 6J. 

7. What must be the sum insured, at 5| ^cent. on goods 
worth £ i 938 12 6, that, in ease of loss, the owner may be repaid 
both the value of the goods and the premium of insurance? 
Answ. £2056 17 11. 

8. What is the brokerage on £681 4 10, at 5/3 V cent. Answ. 
£1 15 9i. 

9. At £2 5 6 ^ cent, what will be the cost of insuring goods 
worth £1560, that, in case of loss, the owner may be entitled to 
the value of the goods and the premium? Atuw, £36 6 3^. 

10. Required the commission on £863 12 6, at 2^ F' cent. 
Amw. £21 11 9}. 

11. Add to £579 16 10 thacommission on itself at 7J Vcent. 
and find the insurance of the sum at 4| W cent. Answ. £27 5 5. 

12. At 4} guineas ^cent. what will be the premium oHnsuring 
property worth £592^6 8, so that, in case of loss, tfil^dwner 
mjfiy be entitled to the premium and the value of the* property? 
A$mv. £31 1 10^. 

13. At 5J guineas ^-cent. how much must be insured on goods 
worth £813 113, so that, in c^s^f loss, the owner may receive 
the value of the goods and the prefllipt^JE; Answ. £863 8 6. 

The following accounts of mercantile transactions will serve as ex- 
ereises in calculating insurance, &c. ; and n^ay be found useful, particu- 
larly for pupils who are intended ^or business ii»4he counting 4iousie. 
The learner should be required .to write out Hie- 6fteentb, seventeenth, 
and eighteenth, in proper form, and to fkUd the neat proceeds* . 

A4 ACCOUNT SALES IS an account of goods sold by a ftictor^ It is 
furnimed by him to his employer, and contains the quantityt^and price 
of tli# goods sold, the charges attending the sales, and the neat procevds, 
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or the sum which the owner of die goods is to receive, after ail charges 
are deducted. 

An^lNVQicB is an account containing the quantity, prime cost, and 
charges of goods sent from one person to another, usually by sea. 

The following account contains the names of the purchasers, the 
^antities sold, and the rates. The amounts of the several quantities 
are left for the pupil to find and set in the money columns. The sum of 
the several amounts will be found to be £1146 16 10. The several 
charges, and the commission on £U46 16 10^ are then added together, 
and the sum, £116 8 9, taken from the gross amount, 4^1146 16 10. 
The remainder, a^lOiO 8 1, is the neat proceeds. 

Ex. 14. Account sales butter received per the Dolphin, from 
Cork, sold per order and on account of John Evans, Esq. Beifast«^ 



fir- 
kins 



1824*. 
Jan. 



Feb. 



^ 



Mar. 



Jos. Hyman • 

Elizabeth Naylor .. 
John Hughes ••«...• 

Win. Roberts.; 

M. A. Hynds 

Aaron Moreno 

Eml. Emanuel 

Leah Leyy 

Mathew Shannon .. 
S.Touzalin&Co.... 
Soloman Marks .... 

Thos. Hill 

Eml. Emanuel ••••• 

J. C. Clarke 

M. A. Hyams 

Jos. Isaacs & Co.... 
B. Daly & Co 
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10 
10 
10 
22 
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312 

318 

128 

251 

1200 

1274 

646 

634 

636 

642 

1402 

1266 

628 

1603 

/187 

'920 

647 



12694 



at 2/1 

iZ 2/2 
^2/0 
_l/9 



^22 

.1/9 
J22id, 



--CHARGCS.- 



Fieight and primage, £22 
wna " 



wnarfage and landing, £6 5, 
Advertising, 17/6, drayage and 

.1 nc^ro hire 25/ 

(^^ Conwnission on jB 1 146 16 10, at > 

^ ^ 7} per cent J 

Neat proceeds, to credit of J. I 

Evans, Esq > 

Errors excepted. 




1146 



116 



1030 



1640 



Kinpjion, Jamaica, Sept, 14, 1824v 



Morrow, Nevin, and ^vans 



\ 
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Ex. ^15. Account sales of soap received per the Waterloo from 
Belfast, sold by order, and on account or David Sanford, Esq, 
1827, Mtirch*^. To John Panillo, 2055 lbs. at £5 per 100 lbs.; 
to A. Maxwell, 437 lbs. at ^4;* March 23, to A. Maxwell, 1 976lbs. 
at ^'3 3 4; to^ WiliiaaL^Maliere,-243I lbs. at, £8^2 6; April 1, 
to Marcijsa Hixanis, 1198 lbs. at £3 10; May 23, -to D. S. Davis, 
1963 lbs. at £'S; to A. Grant & Co. 463 lbs. at ^3; Jane 18, to 
John Angus, 3692 lbs. at £2 13 4; June 26, to Carvalio and 
Rivers, 4091 lbs. at £2 13 4; June 28, to J. Antonio, 2372 lbs. 
at £2 13 4; Aug. 22, to John Berry, 279 lbs. at £3; to R. 
M*Cleland, 1997 lbs. at ^€3 10; Sept. 4, to Leah, Levy, 3988 lbs. 
at £3 6 8; Sept. 10, to Sarah Myers, 3194 lbs. at ^3 6 8.— 
Charges — Advertising for sale, Drayage, and Negro hire, £2 10; 
Commission on ^6 , at 7^ pw cent. — Kingston, Jamaica, 

Sept. 12, 1824. (Signed) Mason and Newsam. Amw.£mi 6. 

16. Invoice of 3 whole and 40 half barrels beef, and 20 half 
barrels pork, shipped by John Marsden & Co. on board the Ro- 
sanna, Robert Bishop, master, for Glasgow, on account and risk 
of Mr. Andrew Blakely, merchant, Greenock. 



A- B. 



3 barrels Moss B^^ef At £^ U 

40 hair do. do. ilo. 2 3 

20 do. do. Pork ^- 2 la 

CHARGES. 




Paid carriage and shipping ) 
7/2, qiMijage 1/6 J 

Stamp 3/4, Ellis of Luciin^ 

ComniiBHiori on £ 

at 2\ per cent f*. 

Errors excepted. 



Belfast, Dec, 4, ISH. 

In ihe preceding invoice, the Itittpf^^^^^^^^HHiPPi^Are th<. 
letterii with which the ^Kirri'b vf^t^ ^ih^^^^^^mt^B^ \vfi to be 
lilkd up bj the leamer.^ — iTie folio wifi^W^^^^ire t^ tie vriueri out 
iu proper form by the pupil, and Uks umaunt Ajf ch^ co3t tiiid diarges 
found. 

Ex. 17. Invoice of lOOfirkins butter, shipped by Pollock and 
Blackwell in the Hennr of Belfast, James McMillan, master, for 
Jamaica, to address of Messrs. Mackay and Dunn, Kingston, by 
order and for account of JohnMaxwdl & Co. Belfast.. 100 fir- 
kins, (marked I. M.) neat 55 c. 1 q. 17 lbs. at £5 17 per cwt.— 
Charges. — Duty 4 per cent, (on the prime cost:) Cooperage, Iron 
Hoops, Nails, Cartage, Shipping, Inspection, &c. £16 5: Com- 
mission at 2i per cent, on ^353 6 3. (Signed) Pollock and 
Blackwell. Vork, June 2S, 1824^ Answ. £362 2 II. ^i 

18. Invoick of 10 bags sea island cotton, shippecl^on b^ard tli« 

« Per 100 ib« ; and so in an the rest. 
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Downshhre, William Garnett, master, for Belfast, by order, and 
for account and risk of James Morton, merchant there. (The 
bags marked P. B. and their number and weight as follows:) No. . 
132, Icwt. 3q. 26 lbs.; No. 290, Ic. 3q. 2 libs.; No. 382, Ic. 3qr 
20lbs.; No. 12, le. 3q. 26 lbs.; No. 125, Ic. 3q. 27lbsi.; No. 
250, ic. 3q. 28lbs.; No. 286, Ic. 3q. 22lbs.; No. 149, Ic, 3q. 
211bs.; No. 225, 2c.0q. 2lb8.; No. 385, 2c. Oq. llb.j draft lib. 
per bag, tare 2q. 22 lbs.: price 2/3 per lb. neat. — Charobs — Eb- 
try. Town duty, &c, 10/4?; Cartage and Porterage, 10/7; Bills of 
Lading, 3/6; Insurance on ^256, at 1^ guinea per cent.; Policy on 
£300, at 3/ per cent.; Commission on £243 3 10, at 2J per cent. 
(Signed) Croker & Co. Liverpool, May 1, 1824. Answ, £249 5 5. 

The dr(^ mentioned in the preceding invoice, is a deduction on cot- 
ton wool, of the same nature'as tare, tret, &c. ; and the poHey is an ex- 
pense attending the effecting of an insurance, and charged on even 
hundreds of pounds. 



EQUATION OF PAYMENTS. 

When one person owes another several debts payable at 
different times, the rule which determines the just time for 
a single pajmient of the whole, is called equation of pay- 
ments. 

KuLE I. (1.) Multiply each debt by the time that must 
elapse before it will become dye, (2.) then divide the sum 
of the products thus obtained by the sum of the debts, and 
the quotient will be the time required. 

When the products are taken, all the times, and likewise tfU the debts, 
must evidently be in the same denuminaCion. '^ 

Exam. I. If one person owe to another ^6300 payable in 4 
months, .£500 payable in 6 months, and ^400 payable in 10 J 
months; in what time may the whole be paid without loss to ei- 
ther party ? 

Here, 300 X 44-500X6+400 X 10^=8400, and 800+500+ 
400= 1200 : then. 8400 -i- 1200=: 7. Hence, the time required, ao 
cording to the preceding rule, is 7 months. 

llie work may be proved, according to the principle on which tha 
preceding rule is foiftnded, by finding the interest of the first debt at 
any assumed rate foil S months, the interest of tlie second at the same 
rate for 1 mdnth, and the interest of the third at the same rate still 
for 3|- monihs: the last 'of ttpese interests will be found, to be exactly 
equal to the sum of the other two. The times used in the proof, are 
tlie differences between the equated time, and tlie times at which the se- 
veral debts are due.- 
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Exam. 2. If a person owe ^100 payable at present, and £600 
payable in 7 months; at what time may both be justly paid at a 
single payment ? 

Here, 100X0+600X7=4200, and 100+600=700: then 
4200-T-700=6, the months required. 

Ex. 1. Required the equated time for the payment of two debts, 
one o(m£350 due at the end of 8 months, and another of £600 
due at 13 months. Answ. 11-^ months. 

2. If ti debt of £45 be payable at 6 months, another of £70 at 

1 1 months, and a third of £75 at 13 months; what is the equated 
time for the payment of the whole? Atuw, 10^ months. 

3. If a debt of £1200 be payable, one-half at 18 .months, one* 
fourth at 15 months, one-sixth at 10 months, and the remainder 
at 3 months, what is the equated time for the payment of the 
whole ? Answ, 14§ months. 

4. What is the equated time for the payment of four debts, tlie 
first for £120 due at 1 month, the second for £135 due at 7 
months, the third for £160 due at 10 months, and the fourth for 
£100 due at 1 year? Answ. 7^^ months. 

5. What is the just time for the payment of two debts, the one 
of £139 6 due at the end of 7 months, and the other of £170 

12 6 due at the end of 2 J years? Answ. 21VWi months. 

6. If a debt be payable, one-third at present, one-fourth at 6 
months, one-fifth at 12 months, and the remainder at 18 months; 
what is the eifixated time for the payment of the whole ? Atuw. 
7f months. • .^ 

The rule above given, is that which is generally preferred in work- 
ing questions in Etjuation of Payments. No rule in Arithmetic, how- 
ever, has given on<;in to so warm disputes ; some writers arguing 
strongly in support of its accuracy, and others entirely condemning the 
principles from which it is deduced. The following rule is used by Uiose 
who consider the preceding one erroneous:— 

Rule II. (1.) Find the present worths of the several deb te at the 

given or common rate of interest: (2.) then find, by rule VII. page 

9 158, in what time, at the same rate, the sum of the present worths 

thus found, would amount to the amn of the debts. The result tlius 

obtained will be the time required. 

To renew the dispute on this unimportant subject, and to echo thtf 
arguments that have been advanced oo both sides of the question, is in- 
consistent with the plan of this work. It majr suffice to say, that the 
principle on which the tfrst rule depends, ia, that the interest of tlie 
money, the payment of which is delayed beyond the time at which it Is 
due, is to be equal to the interest of that which is to b%^ paid, lwfi>re it y 
becomes due, and that this principle is liable tu thi? ?ame abjictions «i / 
the common rule for Discount. In the secoriit rule* on ihc wntrwy, / / 
the result depends on the /w^st'nr values of iha ihhi; and it jippaars to 
be an obvious principle, that all such transacfluii^ imd ngtvemtiU\t kdiouM 
be regulated in conformity to the present vaiue of th*^ UKJiiuyj And tlie 
imf/rimemerU of which it is susceptible. This latter priudpic, which U 

I 
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entirely neglected in the use of the first rule, is acted on in the second 
in using the rate of interest. When the times are short, however, the 
difference of the results by the two rules is small, and the first being 
easier in its application, may be employed with as much propriety as 
the common rule for Discount. 

The following are the answers of the exercises according to the se» 
cond rule ; the first at 5, and the rest at 6 per cent, per annum :•— 

1. II mos. 4 days I 3, 14 mos. 17 days I 5. 20 mos. 1^ days 

2. JO mos. 17 days | 4. 7 mos. 13 days | 6. 7 mos. 17 days. 



PROFIT AND LOSS. 

That branch of Arithmetic which treats of the gains or 
losses on mercantile transactions, is called Profit and 
Loss. 

The method of performing the first example and the first six exercises, 
is so obvious as not to require a formal rule. 

Exam. I. If a faun- 112 lbs. at 6^d. 

dred weight of rice be 

bought for £2 8, and 6d.= J of 1/0 1 56 

sold at 6Jd. per pound, H=iVof 6d. 1 4 8 

what is the gain ? * 

Here, the hundred 60/8, or 

weight being bought for Selling price ^63 8 

£2^ 6, and sold for £S First cost*... 2 8 

8, the gain is evident* 

ly 12/8, the difference Gain £0 12 8, Answer, 

between them. 

Ex 1. If a merchant purchase 93 c. 3 q, 12 lbs, of rozin, at 9/4 
per cwt. and pay for charges £3 4 6; what does he gain by sell- 
in- 27 V. L [.at 12/1^ [jer cwt.; 29 c. 1 q. 20 lbs. at 12/8 per cwt.; 
and the reiiiiJifldLT at 12/9 per cwt.? Answ. £12 2 3 J. 

This E^xsrci^j^y he wrought Mphding the price of 93 c. S q. 12 lbs. 
Jit 9j'l ^BT ^'w|^k iiicroasing theresult by £3 4 6 ; then by finding 
tilt! price cjr3^^^ nt 12/4; of 29 c. J q. 20 lbs, at 12/8; and of the 
i-L^maindLr, :^6'<^^^K^P lbs. at 12/9: and finally, by subtracting the re- 
suU forn>iir]y i}ltlS^H|^( itn the sum of these prices. It may be wrought 
more ^ot^ity Uowi^^^Bf finding the amount of 27 c. 2 q. at 3/0, (the 
diiTiimiicij ^ytvve^HK.'tud 9/4;) of 29 c^ 1 q. 20 lbs. atS/4, (the dif- 
fertnca btUteen jaj*i»%d 9/4 ;) and of 36' c. 3 q. SO lbs. at S/5, (th6 dif- 
ference beUvetjn ]^/9 and 9/4:) and finally, by taking aff3 4 6 from the 
Mim o{ these. 

2. If a piece of linen containing 25 J yards, cost £3 8 3, what 
b gained by sdling it at 3/9^ per yard ? Answ, £1 8 5^. 

3. If a pipo of wine containing 138gallQns, cost £1 13 15, what 
w gained by selling it at 18/6 per gsdlon ? Answ. £13 18. 
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' 4. If a chest of tea containing 1 13 lbs. be sold at 7/10 per lb.: 
^hat is the gain, the first cost and charges being ^637 10? Amw, 
,£6 15 2. 

5. If 24-6 0. 1 q. 11 lfes/(long weight,) of pork be bought s^ 
£248^ cwt. and the charges amount to £41 ; what is the gain 
or loss, the neat proceeds being £504? Answ, Loss, £87 3 3. 

6. If a roll of tobacco containing 25 lbs. be bought at 3/6 ^ lb.; 
what is gaitied by selling it at 3^d. W ounce, a pound and a half 
being lost by weighing it out in small quantities, and by drying ? 
Answ. 14/4. 

Rule I. from the prime cost and the selling pricey to find 
the gam or loss per cent. ; as the prime cost is to the gain or 
loss on that cost, so are jeiOO to the gain or loss per cent. 

Rule II. To fi?id how a commodity must be sold to gain or 
lose a certain rate per cent.; as £\QiO are to the gain or loss 
per cent, so is the prime cost to the gain or loss on that cost ; 
and from this and the prime cost^ the selling price will be 
found by addition or subtraction. 

It sho'itrdb^ particularly remarked, that by the gain or loss per cent, is 
to be uwierstood the sum that would be gained or lost at the given ratvSf not 
on a hundred pounds* worth sold, but on a hundred pounds laid out in 
prime costf and in charges, if there be any. 

Exam. 2. If tea be bought at 6/Q V lb. and sold at 7/4 ^ lb. 
what is th^^igin ^^|p, ? 

Here, 7/4l9HflpRd. the gain on 6/6; then, as 6/6 (the first 
cost of 1 lb.jTlOTF(the gain on %/Q) : : £100 (regarded as first 
cost) : £12f^, or £12 16 4l|, the gain ^ cent, or the gain on 
£100. 

Exam. 3. How must nutmegs, which cost 17/6 V lb. be sold 
to gain ld^;;cci^t?• 
A^ £lD6Xregarded as first cost) : £16 (the gain on £100) : : 
17/6 (fhe^rst cost of 1 lb.) : 2/9|, the gain W lb. which being 
added to 17/6, the amount is £1 3f, the required rate. 

Exam. 4. If cotton wool be Bought at 3/1 ^ lb. and sold at 
2/1 1 W lb. what is the loss ^ cent. ? 

In this exercise there is a loss of 2d. upon tjte first cost, 3/1 : 
therefore, as 3/1 : 2d. : : £100 : £5^ or ^65 8 H^), the loss ^ 
cent. 

iSxam. 5. If sheet lead, which cost £2 2 (S ^ cwt. be spid 
at a loss of 7 ^ cent.; at what rate ^ cwt, ts \\ sold ? 

Ap:#100 : £7 (the loss on £100) : : £2 2 6 ; 2/11^^, the loss 
^cwttWlbich being talen from £2 2 6, the remainder, £1 13 G^^^ 
is the f efiihg price required. 

This <^estion may also be wrought thus: aa £100 ; £93 : ; 
£2 2 6 : i^l 19 6^> the selling price as befor«. Ttie reasoa ef 
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, thii latter mode of operation is, that since there ig a loss of 7 ^ 
cent, what coat £100, is sold for £]00^£7> or £9$. 

Ex. 7. If whiskey which cost 6/8 V gallon, be sold for 7/ JO IT 
gallon, what is gained ^ cent. ? Aruw, 17^. 

8. How must wine which cost 15/ V galjbn, be sold to gain 
Sljr cent.? Answ. l8/2i. 

9. If paper which cost 19/2 ^ream, be sold for 17/11 Vream, 
how much is lost ^ cent.? Answ, £6 10 6^a» 

10. How must linen which cost 3/1 ^ per yard, be ^Id to gain 

16 per cent.? Answ, 3/7 J. 

11. If rum cost 14/6 per gallon, and be sold for 18/ per gal- 
lon, what is gained per cent. ? Afisw, £24 2 9 A. 

12. If broadcloth cost £1 3 6 per yard, how much is gained 
per cent, by selling one parcel at £1 8 per yard; and how much 
by selling another at £L 9 per yard? Amw, £\9 2 1144, and 
£23 8 1^. 

13. If hemp cost £^ 7 6 per ton, and be sold for £45 30 per 
ton, how much per cent, is lost, and how much is lost in the sale 
of 39 tons, 17 c.? Aruw. £5 18 10ti:\^, and £114 11 4^. 

14. Isinglass which cost 8/6 per lb. is sold at a loss of 11 per 
cent.; at what rate is it sold, and how much is lost on the sale of 

17 c. 1 q. at the same rate ? Amw. 7/6f f , and £90 6 5^. 

15. How must bees* wax which cost £14 5 per cwt. be sold to 
gain 21 per cent, and how much must be sold at that rate to cain 
£100? Answ. £17 4 10^, and 33 c. 1 q. ISJlbs. 

16. If paper which cost £1 2 9 per ream, be sold at £1 5 6 
per ream, how much is gained per cent.? Answ, £12 1 9/j. 

17. If soap cost £3 5 per cwt..hoW must it be sold to gain 10 
per cent, and how to gain 20 and 30 per cent. ? Answ, £3 11 6 
£3 18, and £4 4 6. 

18. How must butler which cost £5 14 10 per cwt. be sold to 
gam 19 per cent. ? Answ, £6 16 7|i. 

19. Bought 2048 yards of linen at 3/2i per yard, and sold the 
whole for £360 19 9: required the whole gain, and the eain per 
cent. Answ. £32 9 1, and £9 17 6}. 

20. Bought 125 c 3 q. 12 lbs. of flour at £1 7 10} per cwt and 
sold It at £1 10 8i per cwt: required the wholegain and the gain 
per cent. Answ. £17 16 7^, and £10ii*. 

21. Bought 2688 yards of cambric at 8/8 per vard; and sold 
one-fourth at 10/2, one-third at 10/11}, and the remainder at 
1 1/4i per yard. Required the whole gain, and the gain per cent. 
Answ. £304 14 8, and £26 3 2}. & i^ 

The following nile, the reason oi whidi will appear evidem IVom the 
exercises, wiU s&We many qu^tions that are usually j^oposed in Profit 
and LoM* 



}. ^^^^ }^^- ^*-^ ^M^^^ P^r cent, and the jelling price, io 
nti tkejrd ci^ii ^JmOOy together with th^^ain per cctt^. 



it:^L- 
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or diminished by the losa per cent, are to #6100, so is the 
selling price to the prime cost. 

Exam. 6. What was the first cost of flaxseed, which being 
sold at £S 10 6 per hogshead, the seller clears 13 per cent.? 

As £113 : £imi : £3 10 6 : ^63 2 4^^^, the first cost re- 
quired. In this example it is evident, that what cost ^100, is 
sold for £1 13; and the analogy used above is no more than this: 
as the selling price, £113, is to its first cost, £100, so is the sel- 
ling price, £3 10 6, to the corresponding first cos^ £3 2 4iV*. 

Ei^am. 7. If a merchant, bj^ selling pearl ashes at £4 14 6 
per cwt. lose 18 per cent.: what was the prime cost? 

As £100— £18 : £100 : : £4 14 6 : £5 15 2H, the first cost 
required.- In this example it is evident, that what cost £100,. 
must have been sold for £82; and therefore the preceding analogy 
is simply this: as the selling price, £82, is to me corresponding 
first cost, £100, so is the selling price^ £4 14 6, to the corres« 
ponding first cost, £5 15 2f4. 

Ex. 22. If 11 per cent be lost by selling 128 yards of broad-, 
doth for £98 18 8, what was the prime cost per yard ? Ans, 17/4|. 

23. Suppose a book to be sold for £4 19 9, and 17 per cent. 
to be gained; what was the first cost? Answ, £4 5 3^, 

24. If 13 per cent be gained by selline tea at 7/4 per lb. what 
was the first coi|t, and what is gained by the siUe of 349 lbs. at the 
same rate? Answ. 6/5^, and £14 14 54 

25. What was the first cos of tar which being sold at 1//4 
per barrel, the merchant loses 9 per cent; and how much is lost 
on the sale of 63 barrels? Amw. 19/0^, and £5 8. 

26. If £13 13 be lost by the sale of 112 lbs. of raw silk at 
£2 8 per lb. what was the prime cost, and what is the loss. per 
cent? Anm. 0, 10 5^, and 4HI* ' 

Exam. 8. K 7 per cent, be gained by sellii^ linen at 2/9 per 
yard, how must it be,4old to gain 25 per cent. ? 

This exerdse might be wrought by finding the first cost, and 
thence the selling price, as iii me preceding examples. It will be 
wrought more easily however by this analogy: as £107 : £125 : : 
2/9 : 3/2Vyv> the price requu-ed. The reason of this will be ma- 
nifest, if it be considered, that what cost £100, is in the one case 
sold for £107, and m the other for £1?5; imd therefore the above 
analogy is no more than this: as the selling price of one hundred 
pounds' worth in the one tase, is to its selling price in the oth^r, 
sb is the selling price of a yard m the first case, to its selling prke 
in the other. The node of working the following, exercise^ ^i?- 
pendii pn the same pnaciple. 

^x^. 9. If 15 per cent, be gained by selliH 
ji^. iO per cwt how much is ^dned per «ent 
'^:% 6 per cwt? 
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As £2 10 : jE2 5 6 : : ^£115 : £104 13; and £104: 13— £100 
=£4 13, answ, 

Ex. 27. If 6 per cent, be gained by selling broadcloth at 1 9/4 J 
per yard, how much j)cr cent, would be gained by selling the sauie 
at jEI 2 9 per yard ? Answ. £24 9 3H. 

28. If by seliine muslin at 3/1 J per yard, 2 per cent, be lost, 
how must it be sold to gain 25 per cent. ? Answ. 3/llif|« 

29. If 17 per cent, be gained by selling flour at £) 5 8 per cwt, 
bow much per cent, is gained or lost by selling it at £1 9 per t 
cwt.? Answ, £5 8 2^f, lost. 

30. Bought 21,300 yards of linen at 2/9J per yard, and paid 
for various charges £88 15 1; and sold one-third at 3/0, one- 
third at 3/4, and one-third at 3/2 per yard: required the whole 
gain, and the gain per cent. Anm- £310 12 &, and £10 2 10}. 



EXCHANGE. 



The object of eiCIchange is to find how much of the 
money of one country is equivalent to a given sum of the 
money of another. 

By the par op exchange between two countries, 19 
meant the intrinsic value of the money of the one compared 
with that of the other^ and estimated by the weight and 
fineness of the coins.* 

The COURSE OP exchange at any particular time, is the 
sum of the money of one country, which at tliat time is 
given for a fixed sum of the money of another country. — 
This is seldom at par, but is continually varying according 
to the circumstances of trade.f 

• The par continues (he inne^ so long as the coins in each ooontry are of the tame 
weight, fineness, and nominal value. There is an exception to this, when the standard 
coins are of diftbront metals. In this case the par varies as the ocmiparative values of 
the metals vvf. Thus, g<rid is the standard coin in this country, but in most of the 
Continent silver is the standard. Now, from the gold mines in America having of late 
years become less productive, and the silver ones more productive than formerly, the 
comparative value of silvor has fallen in a smaH degree ; to that die par between H(A. 
land and England it now about 11| florins for the pound sterling, though it was formerlj 
only 11 i and a similar reduction has takcai place in other countries under aimilar cir- 
cumstanoeSi 

f The variation in the course of exchange depends on several circumstances, which* 
as well as scvera^ther questions cranected with exchanges, it does not accord with the 
plan of this P^cation to explaiB, such discussions bel^pging pn^)erly to Political 
EcoDooiy. Suflioe it to si^, that whenWr, in consequence of a deficient crop in any 
cuuDtry, such quantities of com and other proviamis are to be imported, as will exceed 
the vaUie of the exports to the places from which these articles were tHrougfat ; or when, 
in consequence of war, mbsidies are to be paid to Ibveign powers, or remittances are to 
be «kade abroad for the payment of forces on foreign service; or in a word* when any 
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In foreign exchanges, one place always gives another a 

Jixed sum or piece of money for a variable one. The former is 

called the certain rate; the latter, the variable rate. 

Thus, in exchanges with Portugal, London gives for one milree soma- 
times 65 pence, sometimes 68 pence, &c. In this case, 1 milree is the 
Jitsed pricCf and 65 pence^ 68 pence, &c. the variable price. 

All the calqilations in Exchange may be , performed by 
the Rule of j^roportion : and the operation may often be 
abbreviated by the method of aliquot parts. 

Rule I. or General Rule. Place as the second term 
in the analogy, that sum whose value is to be found in the 
money of another country: make that term of the rate 
which is of the same kind with it, the first term of the ana- 
logy, and the remaining term of the rate the third term; 
then work the analogy. in the usual way. 

The tables that precede most of the subdivisions of the remaining part 
of this article, must be employed in the work of almost every exercise. 
It may be a matter for consideration, whether they should be committed 
to memory, or only referred to in the book when necessary. If thej be 
committed, the learner will find considerably more facility in performing 
the calculations; but most pupils will probably soon forget them. 

EXCHANGE WITH AMSTERDAM. 

In Amsterdam accounts are kept in florins, stivers, uid pen- 
nings; and also in pounds, skillmgs, and grotes, or pence, Flemish. 

Table. 8 penning8=l grote or penny Flemish; 2 grotes or 
pence, or 16 penningsz=l stiver; 20 stivers, or 40 grotes=l florin 
or guilder; 6florins=l pound. 

Also, 12 grotes or pence=l skilling; 20 skillingssl pound. 

Also, 2 J guilders, or 50 stivers=l rix dollar. 

In exchanges between London and Amsterdam, London gives the 



cauM makes the Hnportt tram a eountry greater than the exports to tt:-->in all tbeae 
eases, the bill* of the foreign state must increase in value, as none of them will be re. 
quired to be sent abroad to pay the balance; and thus the money in that country will 
increase in value, and will continue above par, till coin at bullion is remitted to make 
up the deficiency ; or till, by a giKaAer tKpori itloti dt ■ iiciaUtr trn^iort^tloD, or hoth, on 
the port of the debtor country, Bie equ Mibn u m af traJe U re^nrcd , UUnf conBequenEse 
to observe, that the course of eichai>ge can iuvht ijiff&r itery much frnm fhe^ pAri im 
eoin or bullion will be remitted instead of I^iIIj, wh^i^ever ti\e c^mr^c of etching li 
iuch, that the value of coin or bullion^ and the o\pf>Dje ttf remtt^pj^pil iiunrin^ U^ 
would be lest than the cost of bills.. BonLe!;, whuti ihc coune of esit^n^c ta iigamrt a 
country, itaHbrdsan inducement to m4!Tulij,iiu t^^ export ta t}m ^ihi^r nnintrT« ni tti* 
bills which they will get in return will be moTv vjiiEi.tule, in mD!«iL4«ikc« of the nioni.-]^ 
ct the fbreign country t)eing above par^ ^nd thut they cain pr^icuze a b#irer and mter 
market for their commodities, as they wiU: be enabled to lelj tiipm at a l^wet piTce. 
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certam, and Amfterdam tlie variaMe sum. Thus, London for I pound 
receives sometiines more and gometimes less Flemish money. 

Exam. 1. Reduce JC386 17 4 British to Dutch money^ ex- 
change at 37/2 Flemish ^ pound sterling. 

As £1 : £3S6 17 4 : : 37/2, or as 240d. : 92848d. ::3566pen- 
nings : 1380340 pennings. By division by 16 and 20, this will 
become 4313 flor. 11 st. 4 pennings, the answer in florins, &c.* 
but if it be divided by 8, 12, and 20, it will become 718 pounds* 
18 sk. 6 grotes, 4 pennings, or, as it may be written, jC7i8 18 6^, 
the answer in pounds,, &c. 

This exercise has been wrought without any contraction ; and it may 
perhaps be proper for the learner to proceed thus for some time, as in 
this way he will better under8tand| what he does. Abbreviations will 
soon however readily suggest themselves, particularly in the mode ot 
reducing the terms. 'Diese are left unexplained, because in far tlie 
greater number of instances, the use of aliquot parts is much to be pre- 
ferred, especially in conjunction with the following rule : 

Ri/L£ IL To reduce pounds^ slntlings^ and grotes^ Flemish^ 
to florins and stivers ; Multiply the pounds and skUlings by 
6, adding to the skillings halt the grotes or pence be^re 
found. 

Thus, resuming the last £386 17 4 at £\ 17 2 

example, and t^ing ali- 193 8 8 for 10 skillings 

quot parts, we find £718 96 14 4 .^ ^ 

18 6^, the same as before, 38 13 8}..^ 2 



and by multiplying the 3 4 5}^. ^ 2 grotes 

pounds and skilhngs hy 6, £718 18 6^, 

and adding to the skilhngs g 

3i,thehalfof6J: thesame pu. aqiq iiio» ^ « 

result is foundL before. ^'^"- ^^ ^^ f. ^J . ^^„ . 

4313 nor. 11 st. 4 penmngs 

Exam. 2. Reduce 2475 florins, 10 stivers, 9 pennings to 

British money, exchange at 36/10 Flemish ^ pound sterling 

As 36s. IQg. : 2475fl: lOst. 9p. : : £1 : £224 7. 

12 20 

442grote8 49510 stivers 
8 16 

3536 pen. 792169 pennings 

After the preceding reductions, which are performed according to tlie 
table, the answer is found by simply dividing the second term by tlie 
first, since the third is a unit. 

There are two kinds of money in Amsterdam, called &z7ico, or 
bank money, and currency^ or current money. In the former of 
thesei all bills of exchange are valued and paid. It is of purer 
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meUd than tbe currency; and hence it bears ft premlmo of 3 or 4^ 
and sometimes 5 V cent.: that is, ^100 of bank money is valued 
at £103, £104!, &c. of currency. This premium is called the Agio. 

The method of reducing bank to cunrent money, and current to bank 
money, will appear from the two following examples : 

Exam. 3. How much currency is equivalent to 798 ^rins^ 17 
sczvers banco, agio at 3^ It cent. ? 

Here the last term is As 100 : IC^ : : 7981. 17 st. 
multiplied by 20, to re- 20 

duce It to stivers. Then, ■■ 

the operation being con- Stivers 15977 > , . . 

ducted in the usual way, 103Jt J "^*HP«J 

the result is 1 6536 stivers^ i 

with the remainder 19|, 100)1653619^ 

wMch is multiplied by . 

16, and divided by 100, 20)16536 3 

to find pennings, because . 

16 pennlngs=rl stiver. — Florins 826 16 3y Answer.- 

Then, the stivers being 

divided by 20 to reduce them to florins, the answer is fcNmd to be 
826 florins, 16 stivers, 3 pennings. — The <^peration might also^ 
have been performed by multiplying the given sum by 3^, dividing 
the product by 100, and adding the result to the given sum. 

Exam. 4. Reduce 439 florins, 14* stivers^ currency, to bmnetf^ 
agio at 3} ^ cent. 

Here, after the necessa- As 103| : 100 : : F.439 14 
ty reductions and contrac- i 4 4 10 . 

tions of the first and second -^— — — — . i 

terms, the third is multi- 5)415 5)400 4397 , 

Slied by 80 by Compound — 8 
Iiiltiplication; and by di- 83 80 

viding the product by 83, 83)35I76(^423E.?68J^ 

the answer is found to be Jntwet. 

423 florins, 16 stivers, and 2 pennings^ 

Exam. 5. Heduce ^125 14 6 British to Dutch currency^ ex- 
change at 36/3 Flemish W pound sterling, and i^io at 4 IT cent. 

, ^. , . ,u ^125 14 6 atiCl 16 3 

In this example, by the 

method of aliquot parts, 
the value in bank mmiey, is 
found to be ^£227 17 6^ 
The agio on this (found by 
multiplying by 4 and di- 
viding by 1 00) is £9 2 3^, 
which being added to 
^£227 17 6^, the sum, 
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j62d6 19 10, is the result in pounds, skillings, and grotes, currenc^^ 
which by reduction, according to rule IV. becomes 1421 florins, 
19 stivers. 

Ex. 6. Reduce 2084 florins, \% stivers, currency y to British 
money, agio at 4^ ^ cent, and exchange 37/8 Flemish ^ pound 
sterling 

By nfkiltiplication by 20 and 2, the given sum is reduced to 
83392 grotes or pence: then, as 104^ : 100 : : 83392d. : 79992d. 
the value of the given sum in bank money; and, as 37/8 : 79992d. 
1 1 £\ I £\1Q 19 5}, which is the answer. The reason of the ope- 
ration is obvious. 

ExerdseB^ Reduce the following sums at the given rates Flemish 
^ pound British. 

Exercises, Answers, 

1. 3486 fl. 17stiv. 1 gr, to British, at 35/3 .... £329 14 6} 

2. £345 1 8 to Flemish, at 33/1 1 .1^.,. 3511fl. 4st.7pen. - 

3. 4C00fl. 78tiv, to British, at 35/lOJ ..V.^. £427 8 lOJ 

4. £159 to Flemish, at 35/3 ..iiu 1681fl. 8st. Igr. 

5. £235 to Flemisk at 35/6 ..v*.. 2502fl. 15st. 

6. £722 18 4 tojukiih, at 34/6 ^,... 7482fl. 3st. l^gr. 

7. 2406 fl. 17istJi8ftitish, at 35/4 ^...£227 1 3^ 

e. 5409fl. 5st. 5Sm$o British, at 34/7 .^.•.. £521 7 6 

9. 6270fl. list. HMeii. to British, at 34/r)... £598 12 6 

10. 2617fl. I'^isUfi^l) British, at 35/4 ...,I £246 19 4^ 

Gx. U. What^Hle value, in Flemish money, of goods sold in 
England for £2^H9 6^, exchange at 34/6 Flemish ^ pound 
Bri tish ? Answ, 108 fl. 1 7 st. 4 pen. 

12. Required the value, in British money, of a bill for 7767 fl. 
17j^st. exchange between England and Holland at 35/7^ Flemish 
W pound British. Amw, £726 16 4^. 

13* Reduce 1863 rix dollars,* 48^ stivers, to British mooey, 
exchange between England and Holland at 35/1^ Flemish ^ pound 
sterling. Answ. £442 4 5^.^ 

14. Reduce £279 9 5 British to florins, &c. currency, exchange 
at 37/10 Flemish W pound British, and agu) at 3f W cent. Answ, 
3279 fl. 1 St. nearly. 

15. Reduce 5179 florins, 16 stivers, currency, to British money, 
exchange at 36/11 Flemish ^ pound sterling, and agio at 4^ 
It^cent. Aniqf,S449 3 SK 



^ 



*■' tSx dollar* Ming redikod t» ttl^«it by mnltiplyinf tbem by 50, and oonrenely. aU. 
▼en to rix doliart by divWIjli^ tHcmby £0, we can ac readily reduce rix dolbrt, of And 
the vakie of rix doUat*. af*we «an:4iSnage floriiM. 



-«.. 



HAMBURGH, I79 

EXCHANGE WITH HAMBURGH. 

Accounts are kept in Hamburgh in marks, schillings, and pfen- 
nings ; and also in pounds, skiiiings, and pence Flemish. 

Table. 6 pfennings=l grote, or penny Flemish; iS grotes or 
pence=:l skilling; 20 skillings=l pound. 

Also, 12 pfennings, or 2 grotes or pence Flemish=:l schillings 
Hamburgh money; 16 8chillingsz= 1 mark.* 

Hence, 1 skilling Flemish=6 schillings Hambro* money, and 
the schilling is equal to the stiver. 

In Hamburgh, as in Amsterdam, there are two kinds of money, 
bancoy or bank money, in which exchanges are reckoned, and cur^ 
rency. The agio on the former is high, varying from 18 to" 25 ^ 
cent. 

Exam. 7. Reduce jESiS 7 9 British to Hambro' money, 
exchange at 35/6 Flemish.^ pound British. 

As iJl : £318 7 9:: 35/6, or, by reduction, as 240d. : 76413d. 
: : 426 grotes : 135633 grotes, which being divided, according to 
the table, by 2 and by 16, is reduced to 4238 marks, 8 J schillings, 
or 4238 m. 8 sch. 6 pf. 

This may also be wrought in the following manner :~In 35/6, 
the rate Flemish, multiply the skiiiings by 6, and add to the pro- 
duct half the grotes; the sum 213 is the schillings, Hambro' mo- 
ney, which are equivalent to 35/6 Flemish, as is evident from the 
tal;)le. Then by multiplying this by 318 for the pounds of the 
given jBum, and taking aliquot parts for 7/9, we find for the an- 
swer 67816 schillings, 6 J pfennings, or, by reduction, 4238 m. 8 sch. 
6^ pf. the ^fae as before. 

£xam;\.%. Reduce 5127 marks, 5 schillings, Hambro*, to 
British money, exchange at 36/2 Flemish ^ pound sterling. 

As 36/2 : 5121 m. 5 sch. or, by reduction, as 217 schillings : 
82037 schillings r : -£1 : £378 1, Answer, 

Exam. 9. Reduce £86 17 1 British to Hambro* currency, 
exchange at 35/8 Flemish per pound sterling, and agio at 22 per 
cent. 

This being wrought as the 7th example, there will result 18586 
schillings, 9J pfennmgs, the value in bwik money. Then for cur- 
rency, multiply by 22 ^d divide by 100, and there will result fcnr 
the agio 4089 sch. l.g^ Which bemg added to the bank money al- 
ready found, the sum, 22675 sch. 10 J pf. or 1417 ni. 3 sdi. IQJ pf. 
is the sum required in cwxerwy, \ 

Exam. 10. Reduce 7854 marks, 7 schilHhgs, Hambro*?)^ 

' ' ; ^ 

« Also S marks=l d<rfUir of exdumge, S marks=l rtx donaF.«i-HaiiibLirp ji nKimd:? iv«s 
fornierly distinguished by the word/uAi, from LubecUie plvc^ wiuriL' 1; w,i^ tuLoeU. 
Thu»» in most buukiijn ,Arithmetic,.we find rmtrk Ivbs instead 6i s n ^ rU , k .■ 't\\\ > tio»'T- 
ever appefOv now^^w-liQd aside among men of buuu«9St the worni iliirnvni' beut;^ gcile- 
MUy fliiljtlilllfiri ' Tfii the examples it will be seen* tttot IjotiOou l^y^^ \y^^ cpt'im^ 

^^"^WMoiaia price 




>^ 
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ren^, to British money, exchange at 34/11 Flemish per pound 
sterungy and agio at 21 per cent. 

The given sum is equivalent to 125671 schillings; then, as 121 : 
100 : : 125671 sch. : 103860^ schillings nearly, banco; and, again» 
as 34/11, or its equivalent, 209|t schillings : 103860^ schillings : : 
£1 : £495 15 OJ British, Answer. 

Exercises, Reduce the following sums at the given rates, Flem- 
ish per pound British : 

Exercises. Answers. 

16. 7563 m. 8 sch. 8 pf. to British, at 34/6.»« £584 12 5 

17. £275 12 6 to marks, &c. at 35/3 ........ 3643 m. 6 sch. If g. 

18. £346 18 10^ to marks, &c. at 36/1^ 4700 m. 



19. 2468 ro. 5 sch. to British, at 33/8 £195 10 2^ 

20. £496 12 8 to Hamhro' at 35/6 6611 m. 6 sch. Ifg. 

21. 6487 m. 13 sch. 4 pf. to British at 35/1^.. £492 110^ . 

22. £543 16 10 to Hambro' at 35/8 7273 m. 14 sch. 

23. 8236 m. 10 sch. to British, at 35/11 £611 10 8^ 

Ex. 24» Reduce £428 14 9 British to Hambro' <M(rreiu:y, ex- 
change at 36/4 Flemish per pound British, and agio at 22^ per 
cent. Answ. 7155 m. 14 sch. &^4 pf. 

25w Reduce 5364 m. 13 sch. Hambro* currenci/ to British money,, 
exchange at 35/9 Flemidi per pound British, and pgio at 23 per 
cent. Answ. £325 6 10^. 

26» Required the value, in Hambro* bank money, of a bill for 
£721 13 10^ British, exchange between England and Hamburgh 
at 35/3 Flemish per pound British. Answ. 9539 m. 13sch« Hig. 

27. Reduce 6748 m. 11 sch, Hambro*^ curr«My, to British money^ 
exchange at 36/10 Flemish per pound sterling, and agio at 23 per 
cent. Amw. £397 4 7^ 

EXCHANGE WITH FRANCE. 

Accounts are kept in France in francs and centimes. They were 
formerly kept in iiores, sous, and deniers. 

. The Uvres, soust and deniers were formerly used exclusively in accounts 
in France, but now the francs and centimes are employed, except in 
small transactions. The livre also had formerly tlie name of franc § but 
in a coinage during the time of the Republic, by some mistake in th« 
mint, the 5 livre pieces were made too heavy, each being worth 101^ sous 
instead of 100, and the error made in the ^ne coin was extended to tite 
rest. The coin corresponding to tlie ibrmer Uvre was called ihefrvn^ 
and'the name Iwre appropriated exclusively to the old coin ; and to faw 
cilitate' calculations, tlie old division, (similar to the divisions of our 
coins) was laid aside, and the franc was divided decimally, aa will appvar 
from the first 4>f thf following taUes. 

Tabub L 10 eentimeszl dectme; 100 centimei^ or 10 oed- 
■ies=?l fjpanc. . 
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II. 12 deniers = 1 sou; 20 80us= 1 livre j 8 li?res=: 1 ecu, or 
crown Tournois; 81 livres = 80 francs. 

In exchange with France, England gives the certain for the wariable 
price. The great advantage of the decimai dwisim of money, will be 
felt in the work of the examples and exercises in exchange with France 
and Portugal. 

Exam. 11. Reduce £274f 5 9 British to francs, &c. exchnngc 
at 23 francs, 57 centimes ff" pound sterling; 

As jei : 274 5 9 : : 23 f. 57 c. or, by reduction, as 240d. : 
65829 d. : : 2357 centimes ; 64649e centimes, or 6464 francs, 96 
centimes. 

2357 
274 5 9 
This and oth^ exer- ^__ 

cises of the same kind, 9428 

may be wrought by the 16499 

method shown in the 4714 

margin, the division by 589^ for 5/ 

100 being performed 59 ..^0/6 

merely by cutting off the 29J«^0/3 

two figures. — 

646495} cents, or 
6464f. 95}c^ 

Exam. \9. Reduce 2867 fr. 48 centimes to British money, 
exchange at 24 f. 36 c. ^ pound sterling. 

As 2436 centimes : 286748 centimes : : ^1 : £117 14 3, Antw. 

Ejeercises, Reduce the following sums at the giyen rates, French, 
V pound British: 

Exercises. Annoers. 

28. £ J«4? 18 4 to French, at 23 f. 49 c; 11390 f. 69^ c. 

29. 9564 f. 33 c. to British, at 23 f. 57 c. ^ £405 15 8 

30. £675 18 3 to French, at 23 f. 15 c 15647 f. 37 c. 

31. 4260 f. 75 cto British, at 23 f. 50 c ..., £181 6 2 

32. 6499 f. 67 c. to British, at 23 f. 40 c- ^ £277 15 3j 

33. £868 17 6 to French, at 23 f. 60 c 20505 f. 45 c. 

34. 21 167£ 83 c. to British, at 23 f. 34 c .^ £906 18 8 

35. £468 19 lO^to French, at 24 fl 1 cw ., 1 1260 f. 54 c. 

Ex, 3a Required the value, in French noney, of a bill for 
£483 16 11, exchange at 24 franca 37 eentiraes ^T pound British. 
Answ. 11791 f. 34c. 

37. Required the value, in Bridsh money, of goods sold for 
75647 francs, 18 centimes, exchange at 24 f. 51c. per pound ster- 
ling. Afuw^ £3086 7 1\. 
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EXCHANGE WITH PORTUGAL, 
In Portugal, accounts are kept in mUreei and rees. 
Table. 1000 rees = 1 milree. 

Also 4rOO rees = 1 crusado, and 4800 rees = 1 njoidoije : con- 
sequently, 2J crusados = I milree. 

Exam. 13. Reduce £64 10 10 British to milrees, &c., ex- 
change at 5/3J sterling per milree. 

As 5/3* : ^64 10 10 : : 1 milree : 243 milrees, 9S7 rees, Answ, 
Exam. 14. Reduce 5236 milrees, 266 rees, to British money 
exchange at 5/4 per milree, 

As 1000 rees : 5236266 rees : : 64d. : £1396 6 9, Answer, 
, . ., 5236-266 at 5/4 

This and smularques- 1047-2532 



1047-2532 
349-0844 



tions may be very easily t /a Z t f 4./ 

wrought as in the margin, ^/* —*<>**/ _ 

.l>y the method of ahquot 1396*3376, or 

parts, and by decimals. £1396 6 % Answ. 

Exercises, Reduce the following sums at the given rates per 
milree : 

Exercises, Ansufers. 

38. £479 17 6 to Portuguese, at 64Jd 1785 ra. 581 r. 

39. 2486 milrees, 560 rees, to British, at 63id £655 6 2J 

40. 594 ra. 480 r, to British, at 64^ £158 16 9 

41. £512 8 9 to Portuguese, at 62|d 1971 m. 703 r. 

Ex. 42. If goods worth £236 14 8i British be consigned to 

Portugal, what is their value in Portuguese money, at 5L'd. per 
milree? Amw. 962m. 990 r. 

43. If port wine be bought for 3245 milrees, 435 rees, what is 
the cost in British money, at 6 Id. per milree, 6 per cent, being 
paid for insurance? Answ, £874 7 5}. 

EXCHANGE WITH SPAIN. 

In Spain there are two kinds of money called pUite and vellon ; 
and accounts are kept in both in ptastren, reals, and maravedks. 
The piastre is also called the pezza, the dollar of exchange; and 
ihe piece of eight, or of f. 

Plate money is more valuable than vellon in the ratio of 32 to 
17. Thus, 17 reals plate are equivalent to 32 reals vellon. Plate 
only is used in exchanges with England. 

H^ce, as 17 is to 32, so is any sum, plate, to the sum, vellon, 
equal to it; and as 32 is to 17, so is any sum, vellon, to the equiva- 
lent sum, plate. ^ 

Table. 34 maravedies = 1 real ; 8 reals =r piastre. 

Also 4 piastres = 1 pistole of exchange; 375 maravedies = 1 
ducat. 

Exam. 15, Reduce £406 3 9 British to Spanish money, ex- 
change at 39id. per piastre. 
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As 39J : ^6406 3 9, or by reduction, as 79 halfpence i 194970 
halfpence : : 1 piastre : 2467 piast. 7 reals, 27 mar.-*-Here England 
gi^es the uncertain price. 

Exam. 16. Reduce 7511 piast. 5 reals to British money, ex- 
change at 40^d. per piastre. 

As 1 p. : 7511 p. 5 r. : : 40Jd. : 161267 11 8J. 

The second mode would 7511 n 5V"at 3/44 

have been wrought rather *^' ' ' ^ 

more easUy by first finding jel251I6 8 for 3/4 

the vsUue at ^I per piastre ,5 ,2 lU ... W. 

(See RuLB IX. page 132.) , „? F,— i. 

This value would have been ' °* ... 4 reals. 

jETSU 12 6; 5realsbeing "' ' 

five-eighth. of a piastre. £1267 11 SlAmwer. 

JSxercistt. Reduce the following sums at the given rates per 
piastre : 

Exercises, 'Answers, 

44. 936 p. 4 r. 15 m. to British at 38Jd £150 4 9^ 

45. £167 15 4 to Spanish, at 39:}<i 1025 p. 6 r. 23 ni. 

46. £809 9 8 to Spanish, at 40|d 4767 p. 4 r. 2 m. 

47. 5318 p. 5 r. 24 m. to British at 38}d £858 15 

Ex. 48. Reduce £263 18 9 British to Spanish money, yeHon, 
exchange at 41}d, per piastre, plate. Answ, 2855 p. 7r. 31m. 

49. Reduce 8429 piastres, 7 reals, vellon, to British money, ex- 
change at 40|d. per piastre, plate. Amw. £760 7 9^. 

50. Required the value, in Spanish money, of a bill for 
£363 18 10^ British, exchange at 38 jd. per piastre. Answ, 
2254p. Or. 28ra. 

51. Reduce 1927 piastres, 3 reals, vellon, to British money, 
exchange at 39}d. per piastre, plate. Amw. £169 11 8f. 

EXCHANGE WITH AMERICA AND THE WEST INDIES. 

In the United States, accounts are pretty generally kept m dol- 
lars, yirhich are subdivided each into 100 cents, or into 10 dimes, each 
containing 10 cents. In several parts of the United States, how- 
ever, and in the British possessions in America, accounts are kept, 
Ds in Britain and Ireland, in pounds, shillings, and pence. 

American pounds, shillings, &c. are gen^ftdly distinguished by the 
term currency annexed. These pounds, in'donsequence of the scarcity 
of ooins, and the use of paper money instead of them, are of mucJi 
smaller value than pounds British. 

When exchanges with America are made in pounds* the catculatiuiw 
are conducted in the same way as in exchanges between inland and 
Ireland : but when they are made in dollars, the calculations proceed in 
iSbit sftme manner at in exchanges with France or PortugaL 
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£xaiii. 17. Reduce jS946 17 10 British, to American cur- 
ratcVi at 77 V cent. 

A8£100:jei77::£946 17 10: £1675 19 llj, currency. The 
answer might also be found by taking aliquot parts ; or by multi- 
plying by 77, dividing the product by 100, and adding the quotient 
to the given sum. 

Exam. 18w Reduce £796 13 6 American currency, to Brit- 
ish money, exchange at 69 ^ cent. 

As £169 : £100 2 i £796 t3 6 : £471 8 Ij, British, Jmwer. 
Exam. 19i Reduce 2746 dollars, 30 cents, to British money, 
exchange at 4/3J British, W dollar. 

As 100 cents : 274630 cents : : 4/3^ : £589 6 2}, British, Answ. 
The answer might also be fiound very easily by the method of 
aliquot parts. 

Exam. 20. Reduce£492 3 4 British,to dollars, &c. exchange 
at 4/7 British V dollar. 
As 4/7 : £492 3 4 : : 1 dollar : 2147 dollars, 64 cents, Answer, 
Exercises. Answers, 

S2. Reduce £382 8 Brit, to Amer. cur. at 71, &c. £653 18 1 

53 5611 dol. 42 cents, to Brit, at 4/5^ W d. 1250 17 7 

54. £846 10 9 currency, to Brit, at 66, &c £509 19 S 

55 £936 5 4 Brit, to dollars at 4/6^ W d. 4123 d. 1 c 

Ex. 56. What sum, American currency, is a bill for £367 4 a 
British, exchange between England and America at 52 ^cent.? 
Answ. £558 2 10^. 

57. Reduce 7593 dollars, 70 cents, to British money, exchange 
between England and America at 4/7 ^dollar. Answ, £114/0 4 5^ 

If the pupil be made fully acquainted with what precedes respecting 
exchanges, he will find little difficulty, with the assistance of tables, i id 
..(jplying die same principles to dmilar cases, which it would eitceed the 
limits of the present Publication to illustrate individually. To fscilitate 
this, the following tables are annexed, which will be found to contaiu^ 
what is most useful and necessary on the subject. 

Leghorn. 12 denari* di pezza = I soldo di pezza : 20 soldi di 
pezza = 1 pezza of 8 reals. 

Also 12 denari di lira = 1 soldo di lira ; 20 soldi di lira = 1 
12ra ; 5f lire, moneta buona = 1 pezza of 8 real^. . 

Gbnoa. The same table as for Leghorn serves for C^enoa. Be- 
sides this, 4 lire and 12 soldi =z 1 scudio di cambio, or crown of 
exchange; 10 lire and 14 soldi =: 1 scudio d'oro marche, or gold 
crown. 

• Napl». 10 grains = 1 cai^ ; 10 carlins, or 100 grains := | 
ducat regno. 



• I)enaH\M the p\uTad<adenaro,wldioitoUo, lire of lint, and pemeotpam. 
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Venice. 12 denari = 1 soldo; 20 soldi = 1 lira; 6 lire and 4 
soldi ^ 1 ducat current, or of account; 8 lire := 1 ducat effective. 

Petbbsburgh. 100 copecs z= 1 ruble. 

Vienna. 4pfenin5s =; 1 creutzer ; 60 creutzers= 1 florin; 90 
creutzers, or 1^ flonn= 1 rix dollar of account. 

Stockholm. 12 fenings, or oers= 1 skilling; 48 skillings =r I 
rix dollar. 

Copenhagen. 12 pfenings = 1 skilling ; 16 skillings z= 1 niark ; 
6 marks Danish, (or 3 marks Hambro') = 1 rix dollar. 

The following exercises, which the pupil will find to be easily resolved, 
will serve to illustrate these tables. 

Ex. 58. Reduce 2467 pezze, 12 soldi, 6 denari, of Leghorn, to 
British money, exchange at 50 pence sterling V p. Arts, j£5 14 1 9^ 

59. Reduce ^467 14 8 Bntish to pezze, &c. of Leghorn, ex- 
change at 49 pence W pezza. Atuw, 2290 p. 18 s. 9d. 

60. Reduce JC947 8 6 British to pezze, &c. of Genoa, exchange 
at 47 pence sterling V pezza. Answ. 4837 p. 18 s. 3 d. 

61. Reduce 4263 pezze, 16 soldi, 8 denari of Genoa to British 
money, exchange at 44^d. sterling ^ pezza. Antw, £790 11 8^. 

62. Reduce JC786 4 8 British to i^aples money, exchange at 
41 j^. sterling, ^ ducat regno. Antw. 4546 d. 8 c. 9 gr. 

t 63. Reduce 3794 ducats, 4 carlins, 5 grains, Naples currency, 
to British money, exchange at 40}d. V ducat. Answ, £644 5 3|. 

64. Reduce jei70 10 British to lire, &c. of Venice, exchange at 
47 pence sterling W lira. Answ. 870 1. 12 s. 9 d. 

65. Reduce 793 lire, 12 soldi, and 6 denari of Venice, to British 
money, exchange at 45 pence sterling W lira. Answ. £143 16 1 j^. 

66. R^uce £190 19 3 British to rubles, &c. exchange at 3/1^ 
sterling V* ruble. Ajuw, 1222 r. 16 c. 

67. Reduce 31416 rubles, 20 copecs, to British money, ex- 
change at 3/4^ sterling V ruble. Answ, £5301 9 8. 

68. Reduce 255 118 British to rix dollars, &c. of Vienna, ex- 
change at 4/4 sterling W rix dollar. Answ. 1179 rix d. 55 cr. I pf. 

69. Reduce 867 rix dollars, 25 creutzers, of Vienna, to British 
money, exchange at 4/7 ^ rix dollar. Answ, £198 15 0^. 

70. Reduce 1045 6 8 British to Swedish money, exchange at 
4/3 V rix dollar. 4nsw. 4919 rix d. 10 sk. 4 f. 

71. Reduce 1318 rix dollars, 20 skillings, 6 fenings, Swedish, to 
Bfitish money, exchange at 4/6 sterlin^^ rix d. Answ. £296 12 1 U 

72. Reduce £313 9 7 British to Danish money, exchange at 
4/4} per rix dollar. Answ. 1433 ri< d. 4 sk. 7 pf. 

73. Reduce 576 rix dollars, 4 Danish marks, 4 skillings, to 
Brk. money, exchange at 4/4 sterling per rix d. Ans. £124 19 OJ^ 

74» In 1795, the values of the imports and exports of Peters- 
burgh w^ 31,767,952 and 23,019,175 rubles respectively. Re- 
quired the values in British money, exchange between Petersburgh 
and LondpQ at 2/11} per ruble. Answ. £4,699,009 11 4, and 
£3,404,919 12 8}. 
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75. At the end of the reign of Louis XIV. the values of the 
imports and exports of France, were 71,000,000, and 105,000,000 
livres respectiveljr ; and at the period of the French Revolution, they 
had respectively increased to 380,000,000, and 424,000,000 livres. 
Reduce these several values to British money, exchange at 25 livres, 
9 sous, 9 deniers, per pound sterling. Answ. £2,785,679 5 1 ; 
£4,119,666 10 0}; jei4,909,269 4 11}; and jE 16,635,605 13 9J, 

76. In 1784, the value of tiie exports from Spain to America was 
computed at £4,348,078 British ; and the value of the imports was, 
in money and jewels, £9,291,237, and in merchandise £3,343,936. 
Required the value of each of these sums in Spanish money, 
exchange at 38id. British per dollar. Answ, 27,104,901 i^^fdoL; 
57,919,399f^doi.; and 20,845,31 5^Hol. 

ARBITRATION OF EXCHANGES, 

When the courses of exchange between the first and the 
' second, the second and the third, the third and the fourth, 
&c. of any number of places, are given; the method ot 
finding the course of exchange between the first place and 
the last, corresponding to these courses, or of valuing any 
Bum of the money of the first place in that of the last 
through the medium of the others, is cal]e4 arbitration 

OF EXCHANGES. 

As the actual course of exchange between the first place and the last 
is almost always, from various circumstances, different from the arbi- 
trated course, this method is of use in enabling a merchant in one plaoe 
to discover whether he should draw and remit directly between his own 
place and another, or circuitously through other places. 

All the operations may be performed by one or more 
analogies in the Rule of Proportion. 

The method by the Rule of Proportion is easy and intelligible, when 
there are only three places concerned, or in what has been termed simplb 
ARBrraATlON. But when more than three places are concerned, or in what ' 
has been called compound AaarraATiON, the following rule^ usually 
called the chain bulb, is generally preferable. 

Rule (I.). Let all the quantities of the same kind be re- 
iuced to the same denomination, ir they be not so already* 
(2.) Let a blank* be left for the required quantity, and to 



• Tb« Interrogative mark ( ? ) ma^ properly be placed in the bUidc 
This rule will be found considerably more easy in its application, than thoae usually 
given for the same purpos^ in books on Arithmetic It is also expressed in general terms 
so as to serve not only for the purposes of exchange, but for the oomparisou of welgbU 
and measures, and for any other uses to which it can be applied. 
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the right of it place as consequent the term to which it is to 
be equivalent: then, below the blank, place as antecedent 
the other given term which is of the same kind as the last 
consequent, and to the right of it place as consequent the 
term which is equivalent to it. (3.) Proceed thus, till 
all the terms are arranged in two vertical columns: then, 
divide the continual product of the consequents by the 
continual product of the antecedents, and the quotient will 
be the result required. 

The operation may often be much abridged by striking 
out any antecedent and consequent that are equal, and by 
reducing to their lowest terms such as admit a common 
divisor.* 

Exam. 21. When the exchange between England and America 
is at 80 per cent, and between England and Amsterdam at 36/4 
Flemish per pound British; what is the arbitrated course of ex- 
change between America and Amsterdam? 

Here the American Flemish ? =^£1 American, 

money is in pounds, American £]80=:j£l00 English, 

and also the English, English £1 =436d. Flemish. 

Then the Flemish be- 100 X 436 ^^ 20 X 109 ^o^o, a — oa/«* 

ing reduced to pence, — igcT" 9 ^^^a.-^^pif 

the answer is found in 

pence Flemish, and becomes, by reduction, 20/2| Flembh per 

pound American. 

This question might have been solved by a tingle analogy. Thus, 
as £180 : £100 >i 436 d. : 242|d. In this mode, we multiply and 
divide by the same quantities as in working by the chain rule; and the 
■ame is the case in all applications of this rule. This not only shows 
the correctness of the rule, but also that it is nothing else than Simple 
or Compound Proportion exhibited in a different, and, in many cases, 
in a more convenient form. The learner vrill perceive, that, in the ar- 
rangement of the terms by the chain rule, the first antecedent and the 
last consequent are alvrays of the same kind. 

Ex. 77. What is the value of a franc in American money, ex- 
change between England and America at 50 per cent and between 
England and France at 24 francs, 87 centimes, per pound sterling? 
Jnsw. 14|Hd. 

Exam. 22. Suppose a merchant in England owes a merchant 
in Portugal £572, whether is it better for the Portuguese mcr- 



« The appBcatloo of ksarlUimt greatly IMIftates, in many caies, the operatkNu by the 
flbain rule. Id using them in this way, the oontraotion above mentioned i$ generally of 
liUle n«e, imleit when terms can be r^ected. 
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ciiant to have a direct remittance from London to Lisbon at 68d« 
per milree, or a circular remittance through Amsterdam and Paris, 
exchange between London and Amsterdfun being at 37/3 Flemish 
per pound sterling ; between Amsterdam and Irana at 56 pence 
Flemish for 3 francs; and between Paris and Lisbon at 400 
rees for 3 francs, an expense of 1^ per cent, beiqg incurred in th« 
circular course ? 

Portuguese ? = <£572 English. 
Englidi jei =37/3 Flemish = 447d. 
Flemish 56d. = 3 Francs. 
Francs 3 = 460 rees, Portuguese. 

100 98^ 

572X447X3X460X98^_143X447X46X197 
56X3X100 "" 28X10 

_ 143XWX^2<12! z=2068757 rees = 2068 milrees, im ree% 

the sum Portuguese by the circular course. A^in, as 68d. s 
£572 : : 1 milree : 2018 milrees, 824 rees, the sum Portuguese br 
direct remittance. Hence the circular exchange will be more ad> 
vantageous to the Portuguese merchant, as by it he will receive 4S 
milrees, 933 rees more than by the direct. Below the antecedents 
and consequents we place 100 and 98j^and multiply by them, to 
modify the result according to the loss iT cent.; 98 j^ being equal 
to 100 — 1 J. 

Ex. 78. Suppose, that a merchant in Russia owes a merchant 
in London 12000 rubles, and that the course of exchange between 
London and Petersburg is 36 Jd. V ruble: it is required to find 
how much more or less profitable it is for the London merchant to 
draw directly on Petersburgh, or to draw through Paris, Amsterdam, 
Hamburgh, and Vienna, the course of exchange between London 
and Paris being at 24 f. 55 c. V pound sterling; between Paris 
and Amsterdam at 55 grotes Flemish for 3 francs; between 
Amsterdam and Hamburgh at 33 stivers for 2 marks Hambro' ; 
between Hamburgh and Vienna at 100 rix dollars Hambro' for 
299 rix dollars of Vienna ; and between Vienna and Petersburg 
at 185 creutzers V* ruble. Aruw, The direct remittance is better 
by £10 7 llj. 

Ttie following useful tabl6, with the remarks which are subjoined to 
it, will form a proper conclusion to this article. It will be easily under- 
stood by a reference to the tables already given. 

^ Table of the intrinsic par of exchange between London and 
the principal places in Europe, 'gold against gold, and silver 
against silver,* calculated from assays lately made both in London 
and Paris:** 



PROPORTIONAL PART& 



I 



Amsterdam, banco 
Rotterdam, cur. •„ 
Hamburgh, banco. .. 
Paris, old coins ... 

, new coins ... 

Grenoa 

Leghorn 

Naples 

Lisbon 

Madrid and Cadiz 
Venice .» 



GOLD. 



35/10-8 

11 flor. 4 St 

34/2-4 Flemish 

25 liv. 9 s. 9 den.. 

25 francs, 26 c 

45-52 pence, ster... 

49-05 

42 

66-5 

36-05 

46-38 ... , , 



SILYER. 



37/1-7 

11 flor. 14 St. 
35/1 Flemish 
25 liv. 9 s. 9 den. 
24 f. 87 c. 
45*82 pence, ster. 

46-57 . 

41i 

68-4 . 

39 

48-9 



. In addition to the information contained in the preceding table, 
it may be remarked* that the American dollar, and the rix dolkrs 
of Vienna, Copenhagen, and Stockholm, are each equivalent to 
about 4/6 British at par. 

The rubles in use in Russia prior to 1762, were of different 
values, from 3/7 J to 3/9 British, valued according to their weignts ; 
but those coined since that time have been made lighter, and their 
values have been about 3/2 or 3/3 British. , 

The East India coin which is most frequently mentioned, is the 
rupee. Of this there are two kinds the current rupee^ and the 
ticca rupee. The value of the former, according to the mint price 
of silver in England, is 2 Id., or more accurately, 21-177d.; and 
that of the latter 24^d., or more accurately, 24'566d. — The cur- 
rent is to the sicca rupee, as 100 to 116. — In India, the market 
price of rupees is generally much higher than their intrinsic value, 
the current rupee being worth about 2/, and the sicca rupee nearly 
2/6. A lack of rupees is 100,000 rupees, or about ^10,000 British, 
and a crore is 100 lacks* 



DIVISION INTO PROPORTIONAL PARTS. 

Rule. To divide a given quantity into parts xvkich shall 
have to each other given ratios : as the sum of the numbers 
expressing the ratios, is to any one, of these numbers, so 
is the entire quantity to be divided, to the part correspond- 
ing to the number used as the second term of the analogy. 

The operation is proved by adding the several results together: 
if the sum be equal to the quantity to be divided, the work is right. 

When all the parts, except one, have been determitied, that one may 
be found by adding the rest togeth^, and taking the sum from the 
number to, be divided. In this cose die operation will be proved by 
finding that part by the general rule : the agreement of the two result! 
will prove thd accuracy of the work. 



190 DIVISION INTO 

The reason of this rtUe^ which is of frequent use In Arltnmetic. 
and other branches of the Mathematics, is obvious from the princi^ 
pies delivered in page 82. 

Exam. A farm of 97 a. 3 r. 5 p. is to be divided into two parts, 
such that the one may be three-fourths of the other. What are 
the parts ? 

Here, the parts are evidently in the ratio of 4 and 3, the sura of 
which is 7. Therefore, as 7 : 4 : : 97 a. 3 r. 5 p. : 55 a. 3 r. 20 p., 
the greater part ; and as 7 : 3 : : 97 a. 3 r. 5 p. : 41 a. 3 r. 25 p., 
the less part. The sum of these parts is 97 a. 3 r. 5 p., which 
proves the operation. 

Ex. 1. Suppose a traveller to proceed from Belfast for Killamey 
at the rate of 6 miles ^ hour, and another at the same time from 
Killarney for Belfast at the rate of 5 miles ^ hour: where 
will they me'et, the distance between the two places being 224 
miles? Aiisw. 122T»r miles from Belfast. 

2. Divide 398 into three parts which will be to one another as 
the numbers 5, 7, anrf 11. Arisw. 86^, 121if\, and 190^ff. 

3. Divide 80 miles into four parts in the ratio of 10, 9, 8, 
and 7. Answ, SS^S-, 21tS-, 18i^, and 16^V. 

4. Divide ^5000 among three persons in such a manner, that 
the share of the second may be one-half greater than that of the 
first, and the share of the third, one half greater than that of the 
second. Amw. ^61052 12 7i^, ^£1578 18 UTV,and ^2368 8 5^. 

In this exercise it is easy to see, that the parts will be as the numbers 
1, 1^ and 2\y or as 4, 6, and 9. 

5. Pure water is composed of two gases, or kinds of mr, called 
oxygen and hydrogen, in such proportions, that the w^eight of the 
former is to that of the latter as 15 to 2 Required the weight of 
each contained in a cubic foot, or 1 000 ounces, avoirdupois weight, 
of water. -^Tuwf. 882^ oz., and 117H- oz. » 

6. How much copper and how much tin will be required to make 
a cannon weighing 16 c. 1 q. 20 lbs., gun-metal being composed 
of 100 parts of copper, and 11 of tin? Answ. 14 c.3 q. 5tYi ^s., 
and 1 c. 2 q. 14^: ^^s- 

'7. The British standard gold for coinage consists of 1 1 parts of 
pure gold, and 1 part of alloy ; (usually a mixture of silver and 
copper:) how much pure gold and how much alloy are contained in a 
guinea ? (See exercise 77, page 80.) Amw, 4 dwts. 22 J gr. & 10} grs. 

8. The British silver coin consists of 37 parts of silver and 3 
of copper ; how much of each does the hadf crown (2/6) coiv 
tain, each pound, troy weight, being coined into 66 shillings ? 
Antuf, 8 dwts. 9^ grs., and 16Tlr grs. 

9. How much tin and copper are contained in a bell w^eighing 
150 lbs, bell-metal being composed of three parts of copper and 1 
of tin ? Answ. 112 J lbs., and 37 J lbs. 
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10. Pewter is composed of 112 parts of tin, 15 of lead, and 6 of 
brass ; how much of each ingredient is requisite to make a ton of « 
pewter ? Answ, 16 c. 3 q. lO^^ lbs., 2 c. 1 q. OH ^' and 3 qj 7^^ tba. 

li. Proof spirits are composed of 48 parts of alcohol, or pure 
spirit, and 52 parts of water. How much of each of these is con^ 
tained in 84 gallons of proof spirits? Answ, 40^^ gal. and 43^| g. 

12. 76 parts of nitre, 14 of charcoal, and 10 of sulphur, compose 
gun-powder : how much of these ingredients will be requisite to 
form a hundred weight of powder ? Answ, 3 q. l^y It). 15 JJ lbs., 
and \\\ ibs. 

The following questions are illustrative of some applications of this 
rule which are often very useful to the Mathematical student. They 
am not useful however, nor even intelligible, to the mere Arithmetical 
pupil. By him, therefore, they should be omitted. 

Exam. 2. Required the natural sine of 54® 35' 43", those of 
540 35^ and 54<> 36^ being -8149593 and -8151278. 

Here the difference of the two sines is -0001685: then, as 1' or 60"^, 
(the differtince of the arcs whose sines are given) : 43^' (the excess of the 
intermediate arc above the less,) : : -0001685 : '0001208, the part of the 
diflcreuce corresponding to 43" ; and the sum of this and the less sine is 
•8150301, the sine required. The ciphers might have been rejected, 
and 1685 used as a whole number, and the result 1208 added to the 
smaller sine, as if it had been a whole number.— Had the second of the 
given numbers been less than the first (as is the case in the cosines,), the 
result of the analogy must evidently have been subtracted. 

Ex. 13. The logarithm of 3-1415 being -4971371, and that of 
3- 1 4 1 6, -497 1509, required the logarithm of 3- 141593. i4n««;. -497 1499. 

14. The logarithmic tangent of 23° 27' is 9-6372646, and that of 
23«> 28' is 9-6376106: reqmred that of 23 ' 27' 54^'. Answ. 9-6375760. 

15. Required the sun's declination at Greenwich on the 10th of 
July 1818, at 35 minutes past 7 o'clock in the evening, his decli- 
nation on the 10th at noon being 22° 18' 47", and on the 1 1th at 
noon 220 wi \(yf Answ. 22° 16' 23". 

16. The moon passed the meridian of Greenwich, on the 10th 
of October 1818, at 36 minutes past 9 o'clock in the evening, and 
on the 1 1th at 23 minutes past 10 ; at what time did she pass the 
meridian of Mexico, in longitude 99® 5' 15" W.? Answ. 49 minutes 

* past 9 o'clock, on the 10th. 

17. On the 19th of August, 1818, the declination of Venus, al 
noon, at Greenwich, was 2® 0' S.,and on the 25th at noon 50 5'S. 
Required the declination on the 23d at noon, in the island of Owy- 
liee, in longitude 1550 58^ 45" W. Answ. 4 • 16' 41" S. 
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FELLOWSHIP. 

Fellowship is the method of determining the respective 
gains or losses of the partners in a mercantile company. 

Fellowship is usually distinguished into two kinds, Simple 
and Compound, or Single and Double. 

In SIMPLE or SINGLE FELLOWSHIP the stocks or sums 
contributed by the several partners, all continue in trade 
for the same time. 

In COMFOUKD or DOUBLE FELLOWSHIP the stocks continue 
in trade for different periods. 



SIMPLE FELLOWSHIP AND BANKRUPTCY. 

Rule I. As the whole stock is to the whole gain or 
loss, so is the stock of any partner to his eain or loss. 

In the same way, the estate of a bankrupt may be di- 
vided among his creditors by this analogy : As the sum of 
all the claims on the estate is to its value, so is the claim of 
any creditor, to his dividend or share of the estate. 

This rule ii merely a particular application of that contained in the 
last article, and therefore requires no separate illustration. The method 
of proof is also the same. 

Exam. 1. Three merchants. A, B, and C, form a Joipt capi- 
tal, of which A contributes ^700, B jeiOOO,and C ^61600. What 
is the share of each in a gain of j£880 ? ^ 

Here, the sum of the stocks is £3300, the whole capital. Thea, 
as £3300 : £880, or by contraction, as 15 : 4 : : £700 : £186 13 4, 
A's share ; and as 15 : 4 : : £1000 : £266 13 4, B's share; and 
lastly, as 15 : 4 : :'£1600 : £426 13 4, C's share. The sum of 
these shares is exactly £880, which proves the operation to be 
correct. 

Exam. 2. A bankrupt owes to A £900; to B £860; to C 
£640; to D £150; to E £70; and to F £30; but his whole 
estate amounts only to £1250. Required the share of each creditor. 

Here the sum of the debts is £2650. Then, as £2650 : £1250, 
or by contraction, as 53 : 25 : : £900 : £424 10 6}, A's dividerad; 
and as 53 : 25 : : £860 : £405 13 2^, B's dividend. In the same 
manner we find Cs share to be £301 17 8}; D*s £70 15 1 ; 
E's £33 4*; and Fs £14 3 OJ. The sum of aU these is 
£1249 19 ll},a farthing being lost by neglecting the remainders. 

tn the division of a bankrupt's estate, it is usual first to find how 
much in the pound he can pay, that is, how much the creditors will 
receive for each pound of their respective claims. Thus, resuming 
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th4$ same esLample, we have this analogy : as ^2650 : £\2o0, or 
as 53 : 25 : : iBl : 9/5 nearly, the sum that each creditor is to re- 
ceive in the pound. Then, 
by using the method of all* ^900 at 9/5 V pound* 

quot parts as in the margin, 

A's share will be found to 5/zz£\ 225 

be ^423 15 0, agreeing 4/ = ^i 180 

nearly with the result al- 5d = j^ of 5/. «18 15 
ready found, the difference 



arising from taking 9/5 in- ^£423 15 

steftd of 9/5H* Iq t^c s2anQ YfSLy the rest of the dividends would 

be found. 

Hie foUowing rule, which may be readily employed by a person who^ 
hag tiot learned a regular course of decimal fractions, will be found to 
be preferable, in a considerable degree, to that given above, in the mora 
complicated questions in Fellowship ; and it is evident, that it is equally 
applicable in every case of dividing into parts in a given ratio. 

Rule II. (1.) Reduce the whole stock and gain to the 
same denomination, if they be not so already : (2.) To the 
latter annex six ciphers, or more if the stocks be large, and 
divide by the former ; the quotient will be a decimal : 
(3.) Multiply this decimal by the several stocks succes- 
sively, taking aliquot parts for shillings and pence; and 
from each product cut off as many figures as there were ci- 
phers annexed : (4.) Value the figures cut off by the method 
shown in Reduction of decimals,. problem II. 

Exam. 3. If a bankrupt, whose property amounts to £2100, 
owe to A £b26 12, to B £1263 9 6, to C £724 15 10, to 
D £1000, and to £ £242 16 4; how much can he pay in the 
pound, and what is the dividend of each creditor ? 

In this example, the sum of the debts is £4057 13 8; and the 
pence in this and in £2100 are 973844 and 504000. Annexing 
ciphers to the latter, and dividinff by the forma*, we obtain 
♦5175367, the value of which is 10/^ nearly, the sum which Ike 
can pay in the pound. We then, as in the margin, multiply 
•.:i 175367 by the first debt 
£826 12, and obtain for 
A's dividend £1427 15 11. 
By proceeding in a similar 
manner, we should find for 
B^s dividend £653 17 10 J, 
foFC'8£375 2 l|;f©rD's 
i.517 10 8J5 and for E's 
£125 13 4. The sum of 
a 1 these is £2100, which £427*7958362, or 

proves the correctness of £427 15 11. 

the operation.-^The learner who has studied decimal fractioiu. 

K 







•5175367 








£826 


12 




31052202 








10350734 








41402936 




10/ = 


:£i 


.... 2587683 




2/ = 


:^iV 


517537 
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will see that in finding the decimal, besides other contractions, figtires 
may often be cut from the divisor, and a smaller number of ciphers 
annexed than are prescribed in the rule. 

Several of the following questions are expressed briefly, and it may be 
a useful exercise for the pupil to write them out at large. 

Ex. 1. A's and B's stocks are ^375 and <£425 respectively : re* 
quired the share of each in a gain of £2M). Amw. A's i;112 10» 
B'siei27 10. . 

2. Three merchants. A, B, and C, enter into partnership : A 
puts into the joint stock ^£329, B ^289 10, and C ^317. Re- 
quired the share of each in a gain of ^6583 12 6. Answ. A's £205 6 0^, 
B's £180 12 2, C's £197 i5 3J. 

a A's stock £1750, B's £1250 : whole gain £565 12. 
Answ, A's £329 18 8, B's £235 13 4. 

4. A's stock £349 16 7, B's £520 : whole gain £346 18 9, 
Answ. A's £130 10 7}, B's £207 8 If 

5. A's stock £384 18 10^, B's £186 17 4, C's £81 1 17 fij : 
whole gain £396 13 7. Antw. A's £110 7 li,B*8 £53 11 5^, 
C's £232 15 Oi. 

6. A's stock £348 16 .6, B's £804 11 4, C's £621 12 2 s 
whole gain £795 18 8. Answ. A's £156 8 4^, B's £360 15 6| 
C'*s £i78 14 9. 

7. B's stock £595 12 8, C's £701 116: whole gain £588 I a 
Answ. B's £270 7, C's £318 1 2. 

8. X's stock £448 19 3, Vs £582 13 4, Z's -^61 I 4: 
whole gain £718 18. Answ. X*s £249 13 7, Vs £324 84 
Z's £145 3 84 

9. M's stock £475 15 8* N's £346 12 4, Cs £396 17 6: 
whole gain £279 4 10. Answ. M's £108 19 3^, N's £79 7 7}« 
C's £90 17 lOi. 

10. A's stock £178 18 8, B's £236 15 8, C's £493 18 8» 
D's£213 17 6: vhole gain £583 10 9. Answ. A's £92 18 S^, 
B's £122 19 7^, C'5 £256 10 9J, D's £111 1 7}. 

11. A debtor, the value of whose effects is only £1075 12 6, 
owes to A £586 13 7, to B £348 10, to C £674 5, and to D " 
£1000. What is the di^ddend of each, and how much is paid iu 
the pound ? Answ. A's £241 16 8, B's £143 13 1, C's £277 18 7^^ 
D's £412 4 li; and 8/2} in the pound. 

12. A, B, C, and D enter into partnership, and A puts in 987 
. gallons of whiskey at 9/10^ ^ g^lon; B, 789 gallons of mm sZ 

I6/I| : C, 238 gallons of brandy at £1 4 9, and 183 gallons of 
geneva at £1 111; ^nd D 497 gallons of wine at 18/4^^: an<l 
they contribute besides £120 in money, in equal shares. Kequir^ 
the share of each, in a gain of £318 1*0 8. Amw. A's £75 1 44, 
B's £96 13 2J, Cs £76 3 9J, D's £70 12 3* 

13. A, B, and C, enter into partnership with a Joint stock of 
£7500, of which £3600 belong to A, £3000 to B, and tbe re- 
mainder to C. At the end c;f a year, the gain is found to k9 
£1679 4. Required the bhare of this gain which each la to r6- 
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OTve, a dear salary of ^51 1 17 6^ annum Mn<T allowed to C 
as.Acttng partner. Anstv. A's ^560 6 3}, B's ^466 18 74, Ci 
^651 19 1. * ** 

, 14, Iftwo persons purchase a house jointK- for j6'2000, and after- 
wards let It for the yearly rent of ^183 6 8 ; what share of the 
J^iy profit rent is each to receive, the one having contributed 
^850, and the other ^ 1150 of the purchase money, and the ground 
rent being ^44 8 V year/> A;isw, £a9 11^, and £79 17 8}. 

COMPOUND FELLOWSHIP. 

Rule (1.) Let all the times be of the same denomination, 
and multiply each stock by the time of its continuance in 
trade : (2.) Then using the products as stocks, proceed ac- 
cording to either of the rules for Simple Fellowship. 

Exam. A and B enter into partnership : A contributes 
£600 for 13 months, and B £800 for 10 months. Required the 
share of each in a gain of £650. 

Here the products are £7800 and £600 X 13 =;£7800 
£8000, the sum of which is £ 15800. 800 X 10 = 8000 

Then,as£15800;£650:£7800::or, _— _ 

by contractinir the first and second 15800 

terms, as £316 : £13 : : £7800 : £320 17 8}, A*s share : and as 
£316 : £13 : : £8000 : £329 2 3^, B's share. The sum of these 
is £650, which proves the correctness of the operation. 

In proceeding by Rule IL of Sunple Fellowship, we divide 650 
with ciphers annexed by 15800, or 13 with ciphers annexed by 
316, and we find for (motient •04113924; and multiplying this 
successively by 7800 and 8000, and cutting eight %ures from the 
products, weobtain £320-886072 and £329-1 1392, or £320 17 8} • 
and £329 2 3^, the same as before. 

?V reason of t/tis rule will be evident from the consideration, 
that a stock of £600 for 13 months, would be the same as 13 
times £600 for 1 month ; and one of £800 for 10 months, the 
same as 10 tunes £800 for 1 month. Hence, if these increased 
stocks be employed, it is evident, that since the times are then to 
be regarded as equal, the operation will proceed in the same 
manner as those in Simple Fellowship. 

Ex. 1. A's stock £280 for 5 months, B's £266 13 4 for 6 
months: whole gam £331 12 6. Atuw. A's gain £154 15 2, 
B's £176 17 4. 

2. A's stock £170 for 8 months, B's ££80 for 6 months: 
wfiole gain £250. Amte. A's £111 16 lOJ, B's £138 3 1}. 

3. A^s stock £248 12 6 for 10 months, B's£670 for 3 months, 0*9 
£512 7 6 for 6 months: whole gain £439 188. Aru. A*b£1449 7^ 
WmSUO 16 1, C's £178 12 11}. 

K2 
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4. C's stock £178 6 8 for 18 months, D's £287 17 6 for It 
months, E's £536 5 for 10 months: whole gtun £370. Answ. Cs 
£103 18 9i, D's £92 8 6^, E's £173 12 8^. 

5. A*s stock £485 18 4 for 1 year, £'s 279 10 for 9 months^ 
Cs£675 11 8 for 8 months: whole gam £386 15. Answ, A'» 
£163 19 11, B's70 14 UJ, C's £152 4. 

6. A's stock £576 15 for 11 months, B's £365 4 lOJ for 15 
months, C's £582 6 8 for 9 months: whole gain £568 15. 
Answ. A's £211 9 1}, B's £182 12 ]}, C's £174 13 8J. 

7. M's stock £1038 13 9 for 6 months, N's £692 9 2 for 9 
months, t)'s £1384 18 4 for 6 months: whole gain £686 1 8 
Amw. M's £180 10 10, N's £216 13, O's £288 17 4. 

8 Three merchants A, B, and C, entered into partnership, and 
on the Ist of March each contributed £1000. On the 3d of May 
A. took out £300; on the 8th of June B put in £360, and on the 
20th of August C withdrew £280. On the 1st of September A 
put in £4'50; and on the 16th of October each took out £180. 
On the 8th of January of the following year, on making up accounts, 
it is found, that they have gained £1250. How is this gain to 
be divided among them? Ajisw. A's share £384 1 11 J, B*s 
£512 12 li, C's £353 5 lOj. 



ALLIGATION. 

Alligation is a rule which is chiefly employed in cal- 
culations respecting the compounding or combining of 
articles of different kinds. 

This rule has its name from a Latin word, which signifies to hmd^ be^ 
cause in the practical application of the rule, the quantities are usually 
linked or connected together by lines. It \% a rule which is of little 
practical utility ; being prindpally used in the solution of questions, 
which are of rare occurrence in real transactions. Besides,, every thing 
that can be effected by this rule can be done in general in a better and 
easier way by Algebm. Hence this article will be more, c^cumscribed 
in its limits than it might otherwise have been. The following is the 
principal problem in this rule, and indeed the only one that belongs to 
it exclusively. 

To find in what proportions^ quantities of given values must 
he taken^ to form a compound of a given value. 

Rule. (1.) Let the rates of the ingredients, all in 'the 
same denomination, be written in a line ; and let the mean 
rate in the same denomination . be written above them. 
(2.) Take two of the rates, one of which is greater, and. 
the other less, than the mean rate, and write the difference 
betweep 0^ck of them and the mean rate, below the other. 
(8.) Proceed thus with the rates two by twq, if there be 
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more tlnm two, till one or more differences stand below 
each. (4«.) Then, if only one difference stand below any 
rate, it will be the quantity required at that rate ; but if 
there be more than one, their sum will be the required 
quantity. 

The connectiiig or linking of the rates with crooked or curved lines, 
in the use of this rule, is attended with little advantage. Should that 
tnethod be prefsnied, however, it can present no difficulty, as each rate 
less than the mean rate is to be connected with one greater, and each 
greater with oile less, and the differences are to be set beloW the rate to 
which the line directs. 

Exam. 1. In what ratios must two khids of flour, worth 2 Jd. and 
3|d. V lb. respectiyely, be taken, to make a mixture worth S^d. 

V lb.? 

Here the mean rate, 13 farthings, is 13 

set above the other rates, 10 farthings 10, 15 

and 15 farthings. Then, the difference 

between 10 and the mean is set below 2, 3. 

15, and the difference between 15 and 

the mean below 10. Hence we find^ that the qjuantities must be 
in the ratio of 2 to 3; that is, for every 2 lbs., or 2 cwts. at 2Jd. 

V lb., 3 lbs., or 3 cwts. at 3}d. V lb. must be taken, to form a 
compound worth 3^. ^ lb. 

The correctness of this operation, and of the principle on which it 
depends, will appear manifest from the consideration, that in selling 
•S lbs. at 3^ per lb., instead of 3}d., there is a loss of 1^ ; but in selling 
2 lbs. at 8^. per lb., which cost, only S^ per Ib.^ there is a gain of 
l^d. : and therefore, the gain on the one quantity balancing the Toss on 
the other, the value of the compound must be exactly the mean rate. 

Exam. 2. In what proportions must wines worth 10/, 14/, 17/, 
and 18/, ^ gallon r^pectively, be mixed, so that the compound 
maybe worth 16/ ^ gallofi ? 

Here by setting the difference be- 
tween 10 and 16 below 17, and the 16 
difference between 17 and 16 below 10, 14^ 17, 18 
10 ; and likewise by setting the dif- . 
Terence between 14 and 16 below 18, 1, 2, 6, 2; or 
and the difference between 18 and 16 2, 1, 2» 6 
below 14, we find, that for 1 gallon 

at 10^, we must take 2 at 14/, 6 at 17/, and 2 at 18/. By using 
10/ with 18/, and 14/ with 17/, a second answer is obtained, from 
which i{ appears, that if 2 gallons at 10/, 1 at 14/, 2 at 17/, and 6 
at 18/, be mixed together, the compound will also be worth 16/ 
V* gallon. It is scarcely necessary to say, that any quantities in the 
same ratios inil serve the same (>ul*pose. 

With respect t6 the reaion 6f the opefadon, it is obvious from what 
was said respecting the preceding exercise, that 1 gallon at 10^ and 6 



10, 


14, 


17, 


18 


8 


1 • 


6 
2 


e 



198 ALLIGATION. 

at 17/ each, would make a mixture worth 16/ per gallon, «nd Ukewlae, 
that a mixture of 2 gallons at 14/, and 2 at ISJ, would be worth .the tame 
per gallon ; and it is evident, that both mixtures taken together muit 
make a mixture of the same value per gallon also ; and in the same way 
every operadon in this rule naay be explained. 

From these principles it is also manifest, that if we should mul- 
tiply or divide 1 and 6 by any number, and 2 and 2 by any number, 
we should still have tesults that would satisfy the conditions of 
the question. Thus, multiplying the fbrlner by 3, and dividing the 
latter by 2, we find for answer 3 gallons at 10/, 1 at 14/, 18 at 17/, 
and 1 at 18/. — Different answers 
may also be found by connecting 
the rates differently. Thus, by 
using 10 and 17 we get 1 and 6, 
and by connecting 10 and 18, we 
have 2 and 6 ; and then by using 
14 and 17 we get 1 and 2. After 
thisj by the requisite addition, we 3, 1, 8, 6 

find 3, 1, 8, 6 for the required , 

Quantities ; and it is obvious, that by a still farther application of 
iiese principles, different answers might be found without limit. 

The correctness of these results is proved by adding together the prices 
of S gallons at 10/, of 1 at 14/, of 8 at 17/, and of 6 at 18/. This 
will be found to be 288/, which divided by 3+1+8+6 gallons, 
gives exactly 16/ for the mean rate ; and thus the proof may be conducted 
in every case, — This method of proof has been generally made a separate 
case of this rule, and called with no great propriety Alligation MediaL 
The operation according to the preceding rule, is usually called AOiffi- 
lion jtUemate, 

Exam. 3. How much linen at 2/ and at 2/5 ^ yard, must be taken 
with 216 yards at 3/4, that the whole may be worth 2/6 V- yard 
at an average ? 

Here by taking the differences, &c. 
as in the margin, we find that the quan- 
tities may be in the ratio of 10, 10, and 
7. Then as 7 : 10 : . 216 : 308f It 
appears therefore, that 308(^ yards at 
2/, the same quantity at 2/5, and 216 
yards at 3/4, will compose a parcel IQ, 10, 7 

worth 2/6 ^ yard, at an average : and • 

various other answers might be found. — This question belongs to 
what is usually called Alligation PartiaL 

Exam. 4. What quantities of tea, worth 8/, 7/6, and 6/6 V tb. re- 
spectively, must be mixed together, to form a parcel contaimne 
1 12tbs. worth 7/4 V lb. X . " 
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Here, in finding the ratios, to make 88 

the first two terms different, the differ- 96, 90, 78 

«nc&s between 88 and 90, and 88 and - 

78, are set down twice. In this way it 10 10 8 

is found, that the quadtities ma^ be as 10 2 

10, 20, and 12, or, by halving eaca term, 2 

as 5, 10, and 6. Hence, by the method • 

of dividing into parts in a given ratio 10, 20, 12 

(see page 191,) as 21, the sum of these, 

: 5 : : 112 lbs,; or by contracting, as 3 : 5 : : 16 tbs.: 26} lbs.; 
and as 3 : 10 : 1 16 lbs. : .53| lbs. ; and lastly, as 3 : 6 : : 16 lbs. : 
32 lbs. It appears therefore, that 26| lbs. at 8/, 53^ lbs. at 7/6; 
and 32 lbs. at 6/6, will form a compound of 112 lbs., worth 7/4 
^ tb. — This question belongs to what has generally been called 
Alligation Total. This name for this particular case of Alligation, 
OS well as those abeady mentioned for the other cases, is [»roperly 
falling into disuse. 

As many questions in this rule admit of several answers, the pupil 
should prove his results in working thie following exercises, particularly 
when his answers may differ from those here given. 

Cx. 1. In what proportions must sugars, worth 13d., ll^d.,and 
$d, ^ lb. respectively, be compounded, that the mixture may be 
worth lOJd r lb. ? Answ, 3, 3, 7 ; 1, 2, 3 ; &c. 

2. How much water must be added to a cask of spirits c6n- 
tmning 84 gallons, worth 13/6 V gallon, to reduce the value to 
ll/4JFgaflon? Aruw» 15W gallons. 

3. What quantities of three different kinds of raisins worth lld.^ 
15d., and 22d. V lb. respectively, must be mixed together, to fill 
a cask containing 200 lbs., and to be worth 1 6|d. V lb. Answ, 6 1 i lbs. ; 
6Hlbs.j and 77^ lbs., . 

4. How much land worth 17/6 ^ acre, must be added to a farm 
containing 51 a. 2 r. 20 p., worth £\ 14 6 V acre, to reduce the 
average value of both together to ^1 2 9? Answ, 115 a. 2 r. 6fp. 

5. A box of linen, containing 1200 yards, worth at an average 
3/ ¥* yard, consists of two kinds, one worth 2/8J, and the other 
worth 3/9^ V yard. How much of each kind does it contain ? 
Answ. 876 If yards, and 323 iV yards. . 

6. itow much spirits, at 14/ V gallon, must be added to a mix* 
tore consisting of 41 gallons at 9/6, and 59 gallons at 10/8, to 
make the compound worth 11/6 ^ gallon? Answ. 52{V^lons. 

7. How much first flour worth .€1 11 6 per cwt. second flour 
wort £i 9, thira flour worth £17 6, and fourth flour worth 17/6, 
must be taken, toform a ton worth £25 16 8? Atu. 2 c. I q. 20 J lbs.; 
7 c. 1 q. 5 J lbs. ; 4 c. 3 q. 13 lbs. ; and 5 c. I q. 17 lbs. 

8. A gentleman's labourers x;onslst of men at 1/4, and women 
at lid. per day; and the amount of the wages of the whole is the 
same as if each of them had 1/2 J. Required the number of the 
men, the number of the women being 21. Ansm. 49. 



INVOLUTION. 

A pewER of any number is the product obtained by the 
continual multiplication o£ that number, repeated a certain 
number of times as factor. 

A number, in relation to any power of it, is called the 
AooT of that power. 

When the proposed number is used twice as lactor, the 
product is called the second power, or the bQUARE,* of 
tbatnumber ; when ^iree times, the third power or cuee; 
whenjour tim^Sf the fourth power ; when ^ve times, the 

FIFTH POWER, S[Q. 

Powers are oflen denoted by wridng after the proposed 
number, and a little higher, the number which shows how 
often the proposed number is repeated as factor. This 
number is called the index, or the exponent, of the power. 

Thusy 5 X -5 ^ 25, is the second power, or the sqtiare of 5, and may 
be written 5«, where 2 is the index ; 7X7X^X7 = 2401, is the fourth 
power of 7, and may be written 7*, where 4 is the index, &c. 

The method of finding any assigned power of a given 
number, or, as it is also expressed, the method of raising a 
number to any proposed power, is called involution. 

Prom the preceding definition of a power we have the following rule 
for Involution: 

BuiiE. To find any assigned power of a given number ; or to 
raise a given number to any proposed power : find the con- 
tinual product of the given number repeated as factor, as 
•often as there are units in the index of the proposed power. 

The process may often be ^breviated by multiplymg to- 
gether powers already found. In this case, the index of the 
power thus found is equal to the sum of 'the indices of die 
powers mult^lied together. 

« Tbe Moond power of a mimber if very Improperly called fhe aquaf^e of the nomber. 
The iquare of a linet or the ■qnare^tawrttied on a line, is a geoxnetrical fisun haMiift 
four fides eaoh eqital to the propof6d Hne, and having its acUacent fidef pecpendicular t«> 
«ach other t but this if evidently by no means applicable to an abstract number. The, 
Viiffttke has axisen from the drcums tanca, thai the area of a square is found mtmerica/iy 
by multiplying the number expressing the length of the side, by itself, which is the same 
as the procels by which tbe second power of that number is determined. It mi^t be 
ibown in a similar manner, that the ttikd power of a number is with equal impruprietar 
called the cube of that number, the cube being, not a power of a number, but a solid 
tadf. The terms $qitare and cuAe, however, as well as square root and cube root, have 
been so loi^ and so generally used hi this improper sense, that it would perhap* be vaia 
to attempt to correct the error any farther than by ft^uentiy using tbe legitintiteeM. 
pressions. teeomt power^ $eamd root, &c Unteod of thee^ 
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When the given number is dthei^ wholly or pai-tly a deci- 
mal, the opet-atioti may often be much abbreviated^ by tl^ 
rule for contracting the multiplication of decimals given in 
page lis. 

£xam. 1. Required the fifth power of 23. 

Here, by rauhiplying 23 Multiply « |3 = 1st power. 

by itself, we find 529 for the ^ ^^ 

.ecandpowerof 23. By Multiply..... . '^ ^^^= ^^ 

multiplying this by 23, we '^ ( ^ 

find 12167 for the third ^ , . , ( Ir2t67=: 3d ..^ 

power. By proceeding m ^Auitipiy.... ^ 23 

like manner, we find the c 27984*1 =4th ,.,,.,__,^ 
fourth power to be279841, Multiply...^ ^ ' 
andthefifthtobe6436343. Answ.6^6S^^5th . ■ 

The same result might also have been found by multiplying the 
second power 529 by itself, and the product 279841, which is, the 
fourth power, by 23. The same result would also be obtained by 
multiplying the third power by the second. 

In like numner, if it were required to find the twdfth i^oi^et of ac 
number ^ multiply the number by itself to find the second power ; the 
second power by itself to find the fddrfli power ; the fourth by itself to 
find the eighth ; and, lastly, the eighth by the fotirth to find the tw^Iftli. 

Exam. 2. Required the fifth power of %, 
The fifth power of 3 is 243, and the fifth power of 8, 32768 : 
the answer therefore is ^f ff^. The reason of this is evident froiii. 
Mtiltiplication of Fractions. 

Exam. 3. What is the third power of IJ.? 
Tliis, by reduction to an im|)roper fraction, becomes J ; and by 
involving the numerator and denominator each to the third power, 
we find for answer W, or If ^.-i-Each of the \aa% eji&mple^ might 
have been wrought by reducing the fractioni to decimals^^d then 
working by the general rule^ 

Exarti. 4. Required the sixth power M2, true to five place* 
of decimals. 

1*404928 = 3d power. 
8 29404-1 



1404928 
By raising this to the third power, in 561971 
the wj^ abeady shown, we find 1 -404928, 5620 

and this being multiplied by itself, as in 1264 

the raarjgiil, we find for die sixth power 2S 

i-973822. U 



1-973822= 6th^ 



Bxereiies, Involve the following' numbers to the powers denoted 
by their respective indices : 

K3 



3W EVOLUTION. 

Ex. Jnsw. Ex. Mfw^ 

1. 678« 459684. 11. (»)' mHH 

«. 119» 1685159 12. 4-367* 363-691179 

S. 75* 31640625 13. 1-03" 1-652848 

4s. 86»..*. 4704270176 * 14. l-035>« 1-857489 

5. 9» 387420489 

6. 7»« 13841287201 

7. 11 »o 25937424601 

a («•♦ VA 

9. im l57Vy»A 

10- (3f)* I16ij« 



l-04»»t 1-800943 

l-0475»* 3-045767 

l•05»^.. 4-53803J> 

l-055*« 4-0231290 

l-06»* 7-251025 

l-07»« 8-7152708 



EVOLUTION, OR THE EXTRACTION OF ROOTS. 

Evolution is the method of finding an assigned root of a 
given number .j: 

Tlie INDEX of a root is a fraction whose denomindtor de- 
notes the order of the root, and whose numerator is a unit. 
The root of a number is 2A»o expressed by prefixing to tlie 
number the signj-v/ f with the number above it* which de- 
notes the order of tlie root. In case of the square or second 
root, however, tlie number 2 is omitted. 

Thus, the fourth root of 10 is denoted by loiy or ^ 10, and means a 
number whose fourth power is 10; and the second, or square root of 7 
is written 7i or ^^^, and means a number, such, that if it be multiplied 
by itself, the product will be 7. ' 

To facilitate tlie extraction of the square and cube roots, it may be 
proper for the pupil to be familiar with the following tables : 

Table I. The square of 1 =z 1 ; of 2 = 4; of 3 =r 9 ; of 4 =r 16j 
or5=:26j of6i=36; of 7=49; of 8= 64; of 9 = 81. 

Table II. Th^cubeof 1= 1; of 2 = 8; of 3 = 27; of 4=64; 
of5= 125; of6=216; of 7=343; of8 = 512; of9 = 729 



• Tbe brackeu encloting tblt (h^tioa, which fn this me of them constitute the a}ge. 
iHraie vf ncMtem in one of lu fbrmt, denote, that the entire ftactioo, and not its numoMor ' 
alone, it to be involved to the sixth power. The object in the next exercise, in like 
manner, is to find the fifth power of S{. 

t Perhaps the easiest mode of working this exercise wlU be to find the sixteenth power, 
and divide it by 1-(H. In like numuor, in the 17tb exercise, the thirty-second power may 
be divided by 1-05 

It is unnecessary to inform the Mathematical student, that involutioa, when (leat ac 
curacy i4 not required, is immensely facilitated by the use of losarithms. 

t Evolution may also be defined to be the method of finding a number, the rontlnuai 
product of which re pe a ted a given number of times as CKtor, will amount to a givcu 
niimlKir. 

\ This sign is the letter r, the initial of the Latin word rtidi*. a roatt changed in form 
by rapidity io making it, and by its appcopriation to a particular usa. 
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EXTRACTION OF THE SECOND, OR SQUARE ROOT. 
Rule I. To extract the second, or square root of a given 
number: (1.) Commencing at the unit figure, cut oflFperiods of 
two figures each, till all the figures of the given number are 
exhausted.* (2.) The first figure of the required root will 
be the square root of the first period, or of the greatest 
square contained in it, if it be not a square itself. (3.) Sub- 
^act the square of this figure from the first period ; to the 
remainder annex the next period for a dividend ; and, for 
part of a divisor, double the part of the root already ob- 
tained. (4.) Try how often this part of the divisor is con- 
tained in the dividend wanting the last figure, and annex 
the figure thus found to the pacts of the root and of the 
divisor already determined. '5.) Then multiply and sub- 
tract, as in Division; to the remainder bring down the next 
Eeriod ; and, adding to the divisor the figure of the root 
ist found, proceed as before. (6.) Continue the process 
till all the figures in the given number have been used ; and 
if any thing remain, proceed in the same manner to find 
decimals, adding, to find each figure, two ciphers, or if the 

fiven number end in an interminate decimal, the two 
gures that would next arise from its continuation. 

Exam. 1. Required the square root of 365. 
Here, by placing a separating mark W65(^19'104^ 

between 3 and 6, the given number is 1 

divided into the two periods, 3 and — 

65. 1, the root of the greatest integ- 29)265 

ral square contained in 3, is then piit 9 261 

in the quotient, and its square ta^eH ^ — 

firom the first period. To the- remain- 381 ) 400 

der the next period is brought down, 1 381 

which makes for dividend 265. The 

first part of the divisor is found by 38204- ) 190000 

doubling I, the first part of the quo- 4 152816 

tient. In finding, in the next place, — 

what figure must be annexed to the ^82089) 37 IH400 
part of the root already foimd, though 9 ^43880 1 

2 would be contained 13 times in 26, 

yet we try 9, as we know the next 382098 ) 279599 

figure cannot be greater than 9. We 

annex 9, therefore, to the parts of the root aniof the divisor al- 

» In dividing a decimal, or a number consisting of a whole number wift a dedmal, 
Into perlodf,-the division roust also commence at the unit figuw or the decimal poiWr 
and must be continued both ways, if there be a whole number, and if there he aa ♦xtd 
ngura at the end af the decimal, a cipher, or if it be a periodical decimal, the figure tba« 
would next arise f^om its oonUnuaUon, must be annexed. Thus, 417-34?i will be diTide* 
thus. V17/*2y50i 41*6«fi66. &c. thu«,41'-6ff' fifVSff; and -567 thus, •56'70, &c 
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ready found, and multiplying «9 by 9, we find for product 261, and 
for remainder 4*. Hence, we have for root ID, and for remainder 
4. Now, to find decimal figures, a point is put in the quotient, 
two ciphers annexed to the remainder, and 9, the figure last found, 
added to 29, the former divisor. We have then for dividend 4"00, 
and for part of a divisor 38. This part of the divisor is contained 
once in 4o ; and therefore the first figure of the decimal is 1, which 
is also annexed to 38. In working for the next figure, we have the 
divisor 382, which not being contained in 190, a cipher is annexed 
to the parts of the root and divisor already found, and two ciphers 
annexed to the dividend to find another figure. The rest of the 
work proceeds in the same manner, and the root, true to four 
places of decimals, is found to be 19*1049. The truth of this re- 
sult is proved by multiplying 19'104^ by itself, and adding the re- 
mainder to the product ; as the result will be exactly 365. 

In this, as well as in evert/ other ease in extracting roots, ifi which there is a 
remainder t after aU the significantjigures have been used, the fractional part of 
the root would be an tnterminate decimal, differing from the intenninat^ 
decimals which we have seen already, in its not repeating or circulating, 
and thus presenting no law by wfaicfa it can he continued.* In this casv. 
in any practical application, the extraction, is to be carried on, till as 
many decimal figures are obt^oed as the degree of accuracy accessary 
in the result may require^ 

The principle on which the preceding rule depends, is, that the 
iquare of tfie sum of two numbers is equal to the squares cf the, numbers 
with tunce their product. Thus, the square of 34 is equal to the 
squares of 30 and of 4 with twice the product of 30 and 4-; that is, 
to 900 + 2 X 30 X 4+ 16 = 1 156. Hence, in extracting the second' 
root of 1156, we separate it kito two parts, 1100 and 56. Then 
1 100 contains 900, the square of 30, with the remainder 200*; the 
first part of the root therefore is 30, and the remainder 200 -|- 56 
or 256. Now, according to the princmle abovementioned, this re- 
mainder must be twice the product of 30 and the part of the root 
still to be found, together with the square of that part. Now, di- 
viding 256 by 60, the double of 30, we find for quotient 4. Then, 
this part bein^ added to 60 the sum is 64, which being multiplied 
by 4, the product, 256, is evidently twice the product of 30 and 4, 
together with the square of 4. — In the same manner the operation 
may be illustrated in every case. The rule is best demonstrated, 
however, by Algebra. 

Rule II. When the root is to be extracted to mani/JigureSf 
the process may be much contracted by thejblloxjoiiig rule : Find, 
by rule L, half, or one more than half, the number of figures 
required : then to the remainder annex one figure instead of 

« Continued fractions, as win appear hereafter, show die law of oontinaathm ntwguare 
roota : in re8;>cct to other roots, however, there is no method known whieb shews the 
liiv of their continuation* 
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tvK>, and having found the divisor iii the iraual way, proceed 
according to the contracted method of dividing dEecimals. 

Thus, suppose it had been 382098)2795990( 19*1 04^973174 
required, in the preceding ex- • • • • 267469 1 

ample to find the answer true — -..-..-.^ 

to nine places of decimals; 121299 

these and the two places of 114630 

whole numbers are eleven ■ " 

figures in all ; and, therefore, 6669 

before commencing the con- 3821 

traction, it is necessary to 

find six figures. These have 2848 

been already found to be 2675 

19*1049. Taking therefore 

382098 and 279599, the divi- 173 

sor and remainder already 153 

found, and also the quotient 

19" 1049, the continuation of 20 

the preceding work will stand as in the margin, a cipher being 
added to the dividend, according to the rule. The first f^ure that 
results from the division is 7, which, in working the operation at 
full lengtn, must have been annexed to the divisor : we therefore 
carry 5, for 7 tiroes 7, to 56, the product of 7 and 8. Aiter this, 
the work proceeds exactly as in the contracted mode of dividing 
decimals. By this means the root is fotmd to be 19*104973174. 

RuXE III. To extract the rodt of a vulgar fraction^ reduce 
it to its simplest form, if it be not so already, and extcact 
the roots of both terms, if they be complete powers : other- 
wise divide tjhe root of their product by the denomina- 
tor, -l 

The root may also be fonnd by reducing the fraction to 
a decimal, if it be not such already^ and taking tlie root of 
the decimal. 

Thus, the second root of ^ is |« This result may be obtained either 
by taking the roots of both terms, or by reducing the given fraction to 
the decimal *25, the second root of which is *5, or -^ or ^, the same as 
before.' 

la like manner, the root of 2^, or f, is f , or 1 ^ This result might 
also be obuined by extracting the root of 2*25. This would be found 
to be 1 *5, or 1^ as before. 

Again, if it be reouired to find the second root of ^ ; let the square 
root of 35 ( =s 5X7») which will be found to be 5 -91 60798, be divided 
by the denomiiator 7, and there w^Il result '84515425, the root required. 
"Ae sanae result would be obtained by extracting the root of •71'4a^85'71, 
the decimal equivalent to the given fraction. 

The mors advanced pupil may sometimes find the foUow^ing contrac- 
tions useful :— 1. fftke denominator be an exact aquare, and the numerator 
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noty divide the square root of the numerator by die square root of tlie 
denominator. 2. Jftfie numerator be an exact square and the dencmimaior 
not, divide tlie product of the square roots of the numerator and denomi- 
nator by the denominator. 

The following rule, which is only a particular application of the gene- 
ral rule to be given hereafter for finding the roots of powers in general, 
may be found useful in carrying a root out to a great number of figures, 
after it has been carried to a considerable number by the common ruler 

(1.) Fbui the square of the part qf the root af ready fimruL (2.) Then 
make the turn of the given number and three times tias square the first term 
of an analogy; the sum oftlui square and three times the given number, the 
second terms aiid thejxtrt of the root already found, the third term: the 
fiiurth term will he tlie required root true to nearly three times tlie number of 
figures in the part before found. 

Thus, the square root of 2 is found by the common method to be 
1'414, the square of whifch is 1-999396. Then, as 3Xl'995396-f.2 : 
3X24-1*999396: t 1*414 : 1*41421356237, which is true, except tbft 
last figure ; and if we should repeat tl)e operation, using this number 
and its square^ the root would be found true to about thirty places. 

We might employ this rule from the beginning of the operation, by. 
estimating the root as nearly as possible. It will in general be easier, 
however, to find the leading figures of the root by the common method. 
That method also, contracted in the way already shown, will for tbe 
most part be preferable to this, when the root is not required to be carried 
beyond ten or twelve figures. 

ExercUes, Required the square roots of the ifollowing numbers : 



Ejcercines, Antwert, 

16. 3a 5-7445626465 

17. 333 18-24828759 

18. 666 25-806975801 

19. f •74535599250 

20. t\ -60302268915 

2U f -81649658093 

22. lii M6',orli 

23. Hi 3-3',or3i 

24. \i -82915619759 

25. 6+ 2-4784787961 

26. 794i 28-181554251 

27. 3333333 1825*7417671 

28. 1051*1 10-269106361 

29. 25381§ 159-31624734 

30. 57000^ . 838-7472706344^ 

SI. 123456789 11111-1110605555 

32. 987654321 31426-968052932 

33. 20711 14-411607975672 

84. 822650 907'000551 26776 

35. 34967W 186-9961384^809 

36. 29524'' + 244* 29525-00^^7247 



Exercises, Anstvert, 

1. 5 2-236068 

2. -5 -7071068 

H. -7 -8366600 

4. -07 -2645751 

5. -06 -2449490 

6. -006 -0774597 

7. 785 28'01785 

8. 78-5 8-8600226 

9. 562 23-70653918 

10. I -6123724357 

11. 13i..... .3-633180425 

12. 1728 41-56921938 

la ^ -19364916731 

J4. 1| : 1-172603940 

i5. U^ 1^018577439 
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EXTRACTION OF THE THIRD, OR CUBR ROOT. 

Rule I. To extract the thirds or cube root of a given 
number : (1.) Find by trial a number nearly equal to the re- 
quired root, and call it Uie assumed root : (2.) Find the cube 
of this root : (3.) Then as twice this cube added to the 
given number, is to twice the given number added to the 
same cube, so is the assumed root to the true root^ nearly: 
(4*.) By employing the approximate root thus found, and 
repeating the process, a number still nearer the true root 
will be obtained ; and thus the process may be repeated as 
often as may be thought necessary.* 

The operation is proved by involving the root, when found, to 
the third power : and the more nearly the result agrees with the 
given number, the more nearly correct is the root. 

In the use of this rule, each result will generally be true to between 
two and three times the number of figures to which the assumed root 
was true^ It may be obse'rved also, that €ach result is too near^ equal to 
the assumed root ; or, in other words, the correction is too small, as if 
the assumed root.be too great, the result is also too great; otherwise^ it 
in too small. 

Exam. 1. Required the third or cube root of 34567. 

Here, by cutting off three figures towards the right hand, we 
find for the first period 34, the root of which is above 3, since the 
third power of 3 is only 27 ; and hence, since the root must have 

• This rule, as w^ as the approximative rule already given for the extracticm of Uw 
•qture root, if Only a particular application of the general rule to be ^wat hoeafter, fbr 
the extraction of roots. The rule which it commonly employed in extracting the cube 
root is her8sub{)oined for the use of any who may be disposed to prefer it The rule giveR 
above, hftwerer, abridges the labour very greatly, as will appear by the application of 
both rule* to any particular exercise. The labour by the common i uie, indeed, of finding 
the cube root, of a number true even to aeven or eight figure^ is so very great at to ren. 
fler the (^ration formidabfe in a high degree, and to make any shorter method very 
desiribie Hie following is the 

Comimm Rule, (L) Commencing at the units, divide the given number into periods 
of three figures each. (S.) The Artt figure of the required root will be the cube root of 
the first period, or of the greatest cube contained in it, if it be not a cute itself. (S.) Sub- 
tract the third power of this flgtu-e from the first period, and to the remainder annex the 
next period for a dividend, and for part of the divismr take 900 times the square of the ' 
l«rt of the root already obtained. (4) Try how often this part of the divisor is contained 
in the dividend, and annex the figure thus found to the part of the root already deter, 
mined. (5.) llien, to find the complete divisor, add to the part already found SO times 
the last figure of the root multiplied by the part of the root before it, and add also the 
square of the last figura (&) Then multiply and subtract as in Division ; to the rem^n. 
der bring down the next period, and proceed as before. (7.) Repeat the opesation, till all 
the figures in the given utimber have been used ; and, if any thing remaiti, continue the 
o|ieration in the same manner to find decimals, adding, to find each figure, three ciphei* : 
or. If there be ao inlerminate decimal, the three figures that would next arise froM its 
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two figures, (one for each pefiod,) it must be greater than 30.* 

We may suppose it therefore to be about 32 or 33. The cube of 

the former we find to be 32768, and that of the latter 36937. Hen^e, 

the given number differing from each by pretty nearly the saiii^ 

quantity, we may suppose its root to be about 32*5. The cube of 

this, is found to be 34328*125. The first part of the remaining 

work may conveniently 

stand as in the margin. 

The work is then to 

proceed as in the Rule 

of Proportion, and the 

result is found to be 

32-5752101, which is the 

required result, true ex- 

ce-f>t the hist figure, the 



34328-125 

a 

68656-250 
34567 



34567 



69134 
34328'125 



32-5: 



As 103223-250 : 103462-125 : 
32-5752101, i^TWtt/. 

true result being 32-57521043, &c^ as would be found by repeat- 
ing the operation with 32*575, as the assumed root. 

Exam. 2. Required the cube root of 100. 
The root here is evidently between 4 arid 5, but nearer the lat- 
ter, as 100 differs less from 125, the third power of 5, than from 
64, the third power 
of 4. Let then 4-6, 
the cube of which 
is 97-336, be assum- 
ed. After this, the 
work may stand as 
in the margin ; and 
the result will be 



97-336 

.2 

194-672 
100 

As 294-672 ; 



100 
2 

200 
97-336 

297-336:: 4-6 :4'6415S 



4-G4I58, the required root nearly. By repeating the operation with 
4-64, as the assumed root, there will result 4-641588833 for the 
requured root still more correctly. 

Exam. 3. Requu-ed the cube root of 782140. 
Here the root proper 
to be assumed is readily 
found to be 92, the cube 
ofwMch is 778688. The 
work will then stand as 
in the margin, and there 
will result 92-13575 for 
the required root nearly. 



778688 



1557376 
782140 



782140 
2 

1564280 
778688 



As 2339516 : 2342968 : : 92 : 92-13575 



By repeatmg the operation, with 92^136, there will be found, for 
the required root, very nearly true, 92-135747933. 

» It is scarcely nctessary to remind the Mathematical puptl, tliat Uie root proper to- 
be assumed, both in this article and the next, wiU be found with great ease by means of 
logarithms The finding of it wilJ aUo be faciliuted, as in the preccdinR exam|>iv, by 
dividing the given number into periods «« in the Square Root, but each coi»i«tJi% of 
three figures instrad of two. and by considering th*t there must be a figure ia-tih»MM 
for each period. 
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Rule II. To extract the cube root of a vulvar Jlritction, re- 
duce it to a decimal, and then extract the root ; or multiply 
the numerator by the square of the denominator, find the 
cube root of the product, and divide it by tke denominator. 
The cube root of a mixed number is generally best found 
bv reducing the fractional part to a decimal, if it be not so 
already, and then extracting. It may also be found by re- 
ducing the giren Dumber to an improper fraction, and then 
working according to the preceding directions. 

Bxercites. Find the cube roots of the foHowmg numbers : 



Exercises. Answers, 

1. 123 , 4-973190 

2. 517 ;. 8*025957 

3. 900 9-654894 

4. 123A56789 . 497-9338592 

5. 12345678 .... 231-li204l8 



Exercises, Answers. 

6. 1234567 107-276572 

7. 44-6 3-546323 

8. t\ -64365958974 

9. t -9614997135 

10. 376 7«217652 



EXTRACTION OP ROQTS IN GENERAL. ; 

The following article is intended only for the Mathematical dr 
the more advanced Arithmetical pupil. For others, besides it be- 
ing in a considerable degree difEicult, it is seldom useful. 

RuLB. To extract any root whatever: (1.) Call the index of the 
given power n / and find by trial a number nearly equal to the re- 
quired root, and call it the assumed root, (2.) Raise the assumed 
root to the power whose index is n, (3.) Then, as w-j-l times 
this power added to n^\ times the given number, is to n — I times 
this power added ton-^\ times the ^ven number, so is the as- 
liumed root to the true root nearly. (4.) The number thus found 
may be employed as a new assumed root, and the operation repeated 
to find a result still nearer the true root. 

- For the mode of investrgating this rule, which is perhaps the best and 
most convenient that haa been discovered, see the tenJtb of Dr. Hutton*t 
Tracts, where it was first given. 

Exam. I. Required the 365th root of 1*06. 

Here we may take 1 for the assumed root, the 365th power of 
which is 1 ; and » being 365, we have «+ 1 = 366, and n — I = 364. 
The work will then proceed in the following manner, and the an- 
swer is found to be 1*0001596. 

1X366 = 366 1X364 = 364 

t-06 X 364 = 385-84 1-06 X 366 = 387-96 



As 751-84 : 751-96 : : I : 1-0001596* 

In eielaracting the fourth root, we may either use the preceding rule, 
or we DQuy extract the second root of th^ given number, and the second 
root of tlie result In extracting the sixth root also, we may eithei uw 

■ I 
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the preceding rule, or we may extract the third root of the ^ven number, 
and tlie second root of the result': aud in this way we may proceed in 
every case in which the index of the root to be extracted is a composite 
number. When the index is a prime numb^, however, the root must 
be found by the general nile. 

Exam. 2. Find the value of 111* 

This expression means the third root of the second power of 1 K 
and therefore we may extract the cube root of 121 for the required 
result. The answer might also be obtained by the general rule by 
taking 5 for the assumed root, and h the reciprocal of |» for n. 
The pupil will probably find the former method the more simple. 
ThiB answer will be found to be 4j'946088. 

Exercises, Find the roots of the following numbers s^ified hj 
their several indices: 



• Exercises* Answers. 

1 987654321*. 19-272L74 

t. 100^ 1 047128 



Exercises, Answers. 

3. l-OS'^ 1-004074 

4. 9* 52-19591 



SERIES. 

A SERIES is a succession of quantities, or terms, that de- 
pend on one another according to a certain law. 

In every series, the first and last terms ar^ called tlie 
EXTREMES, and the rest the means. 

Writers on ArTthmetic usually treat of only two kinds oC series, 
e^fuidifferent series and contintuU yrojyortionals. These are of more frequent 
and general use, than other kinds of series, and on this account claim 
more particular attention. Quantities in equidifferent series are also 
said to be in arithmetical progression ; and continual proportionals are said 
to be in geometrical progression. • 



« These names for equldifflsrent quantities and eoatknnal prqM>rtioDids,are h^bly im. 
proper. Series of both kinds belong equally to Arithmetic and Geometry. The aiH'^ 
iations, arithmeticalprogression ax^ geometrical precession, should, therefore, be entirely 
disused, as tending to impress Mse ideas on the mihd respecting the nature of thequanti* 
tien The term proportion it applied. If possible, still more improperly to equidiflbrent 
quantities, as this term is always expressive not oi equality qf diffitrencet^ but ofeqwditg 
qf ratios, llie latest and best continental writers have accordingly rejected these terms 
and substituted more appropriate ones, calling them by the names abore given, or others 
frf similar import, siich as progressions bg differenceSf and progressions by quotients. 
Bfimnycastle, in his larger work on Algd>ra, though he still retains the terms, acknowledges 
ilieir impropriety. W.th respect to the name, continual proportionals^ here applied to 
the second kind of quantities, it may be observed, that, besides its being pecltetly cs- 
pressive of the nature of such quantities, it has long been thus applied in works ea 
iieoinetry. and it Is equally spplieabte in Arithmetie. 
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EQUIDIFFERENT SERIES, OR ARITHMETICAL 
PROGRESSION.- 

An BQUi DIFFERENT SERIES is that In which the terras 
either all increase, or all decrease, by the same quantity.* 
This quantity is called the common difference. 

Thus, 5, 7, 9, 11, 13, is an equidifferent series, in which the succes 
aiVe terms increase by the addition of the common difference 2 : and 20, 
17, 14, 11, 8, is another, in which the successive terms decrease by the 
common difference 3. 

. The following are the most useful rules for the management of quan- 
tities of tliis kind. 

Rule I. The Jirst term and the common difference being 
giveny tojind any other assigned term: (I.) Multiply the 
common difference by the number which is equal to the 
number of the terms preceding the required term : (2.) Then, 
if it be an increasing series, add the product to the first 
term ; otherwise, subtract it. 

Exam. 1. Required the thirty-fifth term of the increasing 
equidifferent series, whose first term is 7, and common difference 3. 

Here, 34> times precede the required term; wherefore, 34 X 3+ 
7 = 109, b the term required. 

Tlte reason of this operation will be manifest from the consid jr- 
ation, that were the series to be continued to the thirty-fifth term^ 
the first term must be increased by 34 additions of the common 
difierence. 

Ex. 1. Required the fifty-fourth term of the decreasing equidif- 
ferent series whose first term is 100,. and common difference 
li, Answ. 33}. 

2. First term of an increasing series 36, common difibrence 3|; 
required the hundredth terra. Jntw. 392{. 

3. First term of a decreasing series 329, conAnon difibrence i { 
required tlie ninty-ninth term. Answ* 24i3^ 

Rule II. The extremes and the number of terms being given^ 
tojind the sum qf the series : Multiply the sum of the ex- 
tremes by the number of terms, ana take half the product. 

Exam. 2. The first term of an equidifferent series is I , its 
last term 312, and thenumber of terms 193. What is its sum ? 

Here, l+S\2 = 313, and 313 X 193 = 60409, the half of which 
is 30204^, the sum of the series. 

• the definition of equidifferent quantitiet would itaiid more correctly, thoviirh a:t% 
gosimplyf tluu :— if» equtd^rent $erie$ it that inwMchtke terms either ail inereme, or 
0i/decretUf^and the differ^me qf atijf tu» M^faoeiU temuUthe same as that qfa>iyiMher 
fteO adjaeeii^ms ; and the common difference may defined to be the diff^rencv ttetmen 
illff^ two Mgaaemi tentA 
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The reason of this rule wfll be understood froili the foliowing 
property of equidifferent quantities ; 

In any equidifferent series^ the sum of the extremes is equal to the 
sum of any two terms that are equally distant from them, or to douhfe 
the middle term, if the number of terms be odd. 

Thus, in the series 5, 8, 1 1, 14, 17, 20, 23, the sum of 5 and 23 
is eaual to the sum of 8 and 20, and of 11 and 17, and is double 
of the middle term 14. Iliie reason of this will ftppear manifest, 
if it be considered that 8 and 1 1 respectively exceed the less ex- 
treme by the same quantities by which 20 and 17 are respectively 
less than the other extreme. 

Hence, with respect to the sum of this latter series, it is evi- 
dent that though each term were made 1 4, half the sinii of the 
extremes, still the sum of the whole would be the same ; and con- 
sequently the sum of the series will be obtained by multiplying 
half the sum of the extremes by the number of terms, or whidi is 
the same by multiplying the sum of the extremes by the number 
of terms^ and taking hiSf the product. 

Ex. 4. Given the greater extreme = lOOO, the common difibr« 
ence = 2i, and the number of terms 367 ; required the sum of the 
series. Amw. 22 1484 J. v 

In working this eiercise^ tb« less extreme will be found by rule L 
and the sum by rule IL 

Ex. 5. Given the greater extreme z=l, the common differenco 
= "ihsi and the number of terms zr 51 ; required the sum of the 
scries. Ansio, 38^. 

RcjLE III. The extremes and the common difference being 
ghen, to find the number of terms : Divide the difference of 
the extremes by the common difference, and add a unit to 
the quotient. 

The reasons of this rule and of the next will be obvious from com- 
paring them with rule I. 

Ex. 6, Given the greater extreme =r 500, the less = 70, and the 
common difference = 10 ; required the number of terms. Answ* 44. 

7. Given the less extreme = 3, the greater =r 579, and the 
oosumon difference zz 9; what is the sum of the series? Answ, 18915. 

Here, let the mimber of terms be found by this rule, and the sum. of 
Oie series by rule II. 

Ex. 8. With, the common difference 12, how many equidif- 
ferent means can be inserted between the extremes 8 and 1 700 ? 
Answ. 140. 

Rule A V. The extremes and the number of terms being 
given to find the common difference ': Take a unit from the 
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number 6( terms, and by the remainder divide the difierenee 
of the extremes. 

Ex. 9. Given the extremog = 3 and 300, respectively, and the 
number of terms = 10; required the common difference. Answ, 33. 

10. What is the common difference of a series consisting of 1001 
terms, the extremes being 1 and 100001 ? Answ, 100. 

Rule V. The extremes being given^ to Jind any assigned 
number of equidifferent means : Find the common difference 
by rule IV, and add it continually to the less extreme, or 
subtract it trom the greater ; the several results will be tlie 
required terms. 

One mean may be found by taking half the sum of the 
e^ftremes. ' 

Exam. 3. Given the first term = 1, the last = 99, and the 
number of terms = 8 ; required the complete series. 

By rule IV. the common difference is found to be 14, by the 
continual addition of which to 1, tiie entire series is found to be 
1, 15, 29, 4^3, 57,. 71, 85, 99. ' 

Ex. 11. Insert 5 equidiffbrent means between 20 and 30. 
Aruw. 2 If, 23i, 25, 26f, 28^. 

12. Required the several terms of a series the extremes of which 
are 4 and 49, and the number of terms 6. Ansvj. 4, 13, 22, 31, 40, 49. 

Rule VI. The sum of the series, one extreme, and the num» 
her of terms being given, to Jind the other extreme : Divide 
twice the sum of the series by the number of' terms, and 
from the quotient take the given extreme. 

The reason of this rule is evident from rule II.* 

Ex. 13. Given the first term of an equidifferent series consisting 
of 24 terms, = 1 ; required tiie last term, the sum of the series 
being = 576. Answ. 47. 



• If the greater extreme be denoted by ;, the less by /, the common difference by <^ the 
number of terms by n, and the sum of the series by»; tijen jr=r/4.(fi— l)c{, and 4 = 
in(g-y) i from which two equations, any three of these quaotlties being given, the rest can 
oe found. The aiU resolution of the«e eqaalions will, among other results, give ttm 
rules contained in the text 

The consideration of such equidifl^ent quantities as are usually, but very hnproperiy 
said to be in arithmetical proportion, hu been omitted from its oonipar^ltive InutUity. 
These are quantities of such a nature, that the differences of the first and second, of the 
third and fourth, of the fifth and sixth, &c., are equaL Of thi kind are the fdllo^mg 
quantities :— 2, 5 j 10, 13 ; 21, 24, &c The principal property of /mtt such qivuititiM i% 
that, as. in the eontittued equidiSbrent quantities already explained, the sum of tbo ex- 
tremes is equ.il to the sum of the w^eansj whence it follows, that if there be four such 
quMilities, and from the sum of the means cither extreme be taken, the remainder will 
tw the other extreme. 
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14. GWen the number of terms = 50, and the t^nxi of tilt 
series ^ 1275 ; required the greater extreme, the less being 3|w 
Answ, 47^ 

15. Required the sum of the first ten thousand numbers in the 
natural series, 1, 2, 3, 4, &c. Answ, 50,005,000. 

16. Required the sum of the first ten thousand odd numben, 
l,3,5,7,&c Answ, 100,000,000. 

17. Required the sum of the first ten thousand even numbeftt, 
2,4,6,8,&c. Answ, 100,010,000. 

18. Required the sum of the £rst ten thousand numbers thai 
are divisible by 3, (3, 6, 9, 1 2, &c.) Amw, 1 50,0 1 5,000. 

19. If a person on a journey travel the first day 30 miles, and 
each succeeding day a quarter of a mile less than he did the day 
before, how fer will he travel in 30 days? Answ, 791^ miles. * 

20. How many strokes does a common clock strike m a year ?. 
Answ, 56940. 

21. If 120 stones be laid in a straight line, each at the distance 
oCa yard and a quarter from the one next it ; how far must a per- 
son travel who picks them up singly and places them in a heap at 
the distance of 6 yards from the end of the line, and in its continu- 
ation ? Answ. 8 Irish miles, 4 furl. 35 per. 5 yds. 

22. A body falling by its own weight, if it were not resisted by 
the air, would descend in the first second of time through a space 
of 16 feet and 1 inch ; in the next second, through three tunes 
that space; in the third, through five times that space; in the 
fourth, through seven times, &c. Through what space would it 
fall at the same rate of increase in a minute ? Answ, J»7900 feet. 

CONTINUAL PROPORTIONALS, OR GEOMETRICAL 
PROGRESSION. 

A SERIES OF CONTINUAL PROPORTIONALS Is that in whlcE 

the successive terms all increase by a common multiplier^ 
or all decrease by a common divisor.* 

The common multiplier, or common divisor, is called 

THE RATIO OF THE SERIES, Or THE COMMON RATIO. 

Thus, 3, 6, 12, 24, 48, are continual proportionals, in which tbe^ suc- 
cessive terms increase by the ratio 2 ; and .192, 48, 12, S, }, &c. are con- 
tinual proportionals decreasing by the lytio 4. 

It may be observed, that we might regard every series of this kind, 
whether increasing or decreasing, as being produced bv multipUcatioa^ 
tba ratio in a decreasing series being a proper fraction. Thus, ia the 

« Tliif deflnltloa would stand more oorrsctly, though not lo timplya tbui :— J series qf 
eominual proportkmals U thrU m which the terms aU increase, or aU decreaee; omI 
the qmitient obtained bg dividing the greater qf any two at^ttcent temu by the iets, w 
epial to thai obtained by dividitfg the gt eater (ffany other two a4facent terms ^theiess. 
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series last given, the ratio or common multiplier might be considered to 
be j-. In what follows, however, the ratio will be token always greater 
than a unit, according to the definition already given.* 

The following are the most useful rules for the management of quan- 
tities of this kind. 

Rule I. The Jirst term and the ratio being given, to find 
any other proposed- term : (1.) Raise the ratio to a power 
whose index is equal to the number of the terms which pre- 
cede the required term. (2.) Then, if it be an increasing 
series, multiply the first term by the result before found ; 
otherwise divide it by that result. 

Exam. 1. Required the 8th term of the series of continual 
proportionals, whose first term is 6, and ratio 2» 

Here, the 7th power of 2 is found to be 128; which being muU 
tipHed by the first term 6, the product is 768, the 8th term. 

7%e reason of this operation will be manifest if it be considered, 
that in finding the successive terms up to the 8th, the first term 
must be multipliied by 2, the product by 2, that product by 2, and 
so on, till the 8th term would be found after seven such multipli- 
cations : and it is evident, that the same result will be found b^ a 
single multiplication by the 7th power of 2. A similar illustration 
serves in case of a decreising series. 

Exam^ 2. Required the 20th term of the serfes^ whose first 
term and ratio are each 1*06. 

Here, we are to multiply the 19th power of 1 06 by 1*06, or, 
which is the same, we are to involve 1*06 to the 20th power. 
This is found by involution, to be 3*207135. 

Exam. 3. Required the 6th term of the 'decreasing series 
whose first term is 100, and ratio 1^. 

. The 5th power of IJ, or 1-5, is 7*59375, and 100 being divided 
by this, the quotient is 13*16872428, the term required. 

Ex. 1. Given the first term of an increasing series 12, and it<( 
ratio 3; to find the 18th term. Answ. 1549681956. 

2. The first term of a decreasing series is 1, and the ratio lr07; 
required the 14th term. Answ, •4149644. 

3. The first term of an increasing series is ^6194"^, and th^ 
ratio 1*05; /equired the 31st term. Answ. ^^839*75333. 

4. Given the first term ot a decreasing seijes =: 500, ahd the 
ratio =1-04; to find the 14th term. Answ, 300*287. 



* T^ \f proper for the learner to know, thai in a series qf eotUinual proportionais, the 
pr6i!h^^ the extremes is equal to the product qf any two terms equaUy eUstaHt fjrvtn 
themii^h the second power qf the middle lerrn, if the wumber qf terms be odd. The rea- 
son oC^ J^ evident, since the greater extreme exceeds the term next it in the tame 
f«ttu iit*nuh the oth^r extreme is less than the term next it. 
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6. Given the first term of an increasing serfes = 1, and the 
ratio = 2 J required the 38th term, Amw. 34359738368. 

6. Given the first term of ait increiasing series = 1, and th« 
ratio = 3 ; required the 36th term. Aruw^ 5003l545a98999707. 

Rule II. To find the sum of a series of continual pra/por^ 
iionals ; multiply the greater extreme by the ratio, and di- 
vide the ^fference betweeu the product and the less ex- 
treme, by the difference between the ratio and a unit. 

When the series is a decreasinfr one^ and the number of 
terms infinite^ divide the product of the ratio and the great- 
est term by the difference between the ratio and a unit. Or, 

Divide tiie ratio by the difference between it and a unit, 
and multiply the quotient by the first term.* 

Exam. 4«. Given the first term of an increasing series c: 4, the 
ratio = 3, acid the number of terms = 6; to find the sum of the 
series. 

Here^ by rule I. wc find the last term to be 972. Multiplywng 
this by the ratio, we obtain 2916: and dividing 2912, the cUf- 
fereoce between this and the first term, by 2, the difference, be- 
tween therf^o and a unit, we obtain 1456, the required sun^. 

The reason of this operation is best sho%n by Algebra ; it mav he 
illustrated in wie following manner however : let the terms of the 

^^ w'lif 'SJe *+ 12+36+ 108+324+972 = 8«m 

marjn; then *2+^+ 108+324+972+2916 = sum X 3 

let each term be multiplied by the ratio, and let the products be re- 
moved each one place towards the right hand. If the upper line 
be then subtracted from the lower, there will remain 2912 =z sum 
X2; and consequently the sum is equal to 2912-^2 =r 1456. 
Now 2916 is evidently the product of the ratio and the greater 
extreme, and 2912 is the di^rence between this and the less ex- 
treme ; also the divisor 2 is the difference betwcea the ratio and 
a unit : and a similar illustration may be given in any other case. 
In a decreasing infinite series, the last term is to be regard^ as 
nothing ; and hence the reason of the rule for its summation is 
manifest. 



« The following rules, which may be illustratad in the same maQner as the rule git^i 
In the text, may also on some occasions be employed with advantage : 

I. To MMsan inereasing urin i (t) Baise the ratio to a pow«r whose index is equal to 
the number of terms : (2.) Divide the difference between the result and a unit, by the 
diffbrence between the ratio and a unit : (a) Blultiply the quotient by the first term. 

II. To turn a deereaHng $eriet : (1.) Raise the ratio t<> a power whose index Is equal 
to the number of terms : (-2.) From the power thus obuined, taJte a unit, and diTidethe 
remainder by the same power : (a) DiTide the quotient by the difference between th^ 
ratio and a unit, and multiply the result by the fir^t term. 
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Exam. 5. Required the sum of the series whose least tenn is 
i5, and ratio I'O^, the number of terms being 31. 

This exercise majr be wrought in the same manner as the last ; 
or perhaps more easily by the first rule in the note. Thus, by in- 
volution, we find the thirty-first power of 1-04 to be 3-37313 
Then 3-37313 — 1 = 2-37313, and 104 — lz=-04; also 2-37313 
-i--04.= 59-32825, the product of which by 45, the first teim^ is 
2669-77125, the required sum. 

Exam. 6. Required the value of the interminate decimal -1 '8'. 

This is the same as TWr+T(JWyz7+TWiATTny+ &c., continued 
without limitj^ where the ratio is evidently 100. Multiplying the 
first term therefore by 100, and dividing the result by 100 — 1, 
we obtain for the sum of the series, or the value of the decimal, 
fl, or in its lowest terms, ^, 

Ex. 7. Required the sum of the aeries whose first and last 
terms are 100, and 13-16872428 respectively, and its ratio Ik 
Answ, 273-66255144. 

8. Given the extremes = 1 and 18'42015, and the ratio = 1-06; 
required the sum of the series. Answ. 308-755983. 

9. Find the sum of the infinite series whose greatest term is 
100, and ratio 1-04. Answ. 2600. 

10. Given the first term of an increasing series r= 6, the ratio 
= 4, and the number of terms z= 8; to find the sum of the series. 
Answ. 131070. 

11. Given the first term of a decreasing series =: 1, the ratio 

r= 3, and the number of terms =r 12 ; to find the sum of the series. y 
Answ. l-AVi%, or IJ nearly. ^ /^Z/. 

12. Given the least term of a series =: 1, the ratio = 1 J, and / ^^ 
the number of terms ,=r 16 : required the sum of the series. 
Answ. 131 1*681671 14. 

13. Given the least term = I, the ratio = 4, and the number of ^ 
terms = 14: required the sum of the series. Answ, 11184810|. ^ 

14. Given the greatest term ;= 12, the ratio = I ^, and th e number 
of terms = 12; to find the sum of the scries. Ansiu. 53*2706. 

Rule III. The extremes and the number of tei')m being 
gpoen, io find the ratio : Divide the greater extreme by the 
leaSf and extinct that root of the quotient whose index is 
one less than the number of terms. 

Exam. 7. Given the extremes of a series = 3 and 192, and 
the nomber of terms = 7 : required the ratio. 

Here, 192-J-3 = 64, the 6th root of which is 2, the ratio of the 
•eries^— 4ii the use of this rule we must generally employ either 
logan^ms^ or the rule given in page 211. 

5x. 15. Oiven the extremes = 1 and 10, and the number of 
tcnfls 22 1>': required the ratio. Answ. 1'383521, 

L 
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Rule IV. To find any proposed number of mean proftor'^ 
tionals between two given numbers : (1.) Take the two given 
numbers as extremes ; take also the number of terms in the 
series tw6 gVeater than the required number of means, and 
find the ratio by rule III : (2.) Then the product of the ratio 
and the less extreme will be one of the means; the product oi 
this mean and the ratio will be another ; and thus all the 
means may be found, whatever is their number. 

fVIien only one mean is required^ it is most easily found by 

extracting die second root of the product of the extremes. 

Exam. 8. Find three mean proportionals between 5 and 1280. 

Here, the series would consist of 5 terms, and the extremes are 
5 and 1280; and hence the ratio is found, by the last rule, to be 
4; and by the repeated multiplication of this and of the first term, 
the means are found to be 20, 80, and 320. 

Exam. 9. Find a mean proportional between 5 and 10. 

Here, 5 X 10 = 50, the square root of which is 7*071 0678, &c 
the mean required. 

Ex. 16. Find two mean proportionals between 1 and 2. 
Answ. 1-259921, and 1*587401. 

17. Find a rneim proportional between -^.and 100. Antm, 
3-16227766. 



Ex. 18. If a thrasher agree to work 18 days for a farmer, on 
condition of receiving two grains of wheat for the first dav*s wcnlc, 
6 grains for the second, 18 for the third. Sec, : what would be die 
vGdue of all he would be entitled to receive, supposing 7680 grains 
to fill a pint, and the wheat to be worth 7 shillings a bushel ? 
Amw, £215 17 5}. 

19. Suppose a house, having 20 windows, to be sold at 
the rate of 4/0 for the first of these windows, 6/0 for the second, 
9/0 for the third, and so on ; the value of each beine increased by 
one half of itself, to find the value of the next ; for how nmch 
would it be sold ? Answ. ^1329 14 0^. 

20. If a fiither give as a portion to his dauehter, aged 19, a fiir- 
thing for the first year of her life, three farthings for the second, 
9 farthings for the third, &c. ; . to how much does her portion 
amount? Anm. ^605,344 10 3j^ 

21. It is sfdd that an Indian discovered the same of chess, and 
showed it to his sovereign, who was so much pleased with it, that 
he desired the inventor to ask any reward he chose. The invei^ 
tor then asked one grain of wheat for the first square of the chett 
table, two for the second, four for the third, and so on ; doubliitt 
continually to 64, the number of squares. Now, suppose it had 
been possible for the prince to pay this reward, what would have 
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been the value of the whole at 12/6 W cwt^ 10^000 grains bmng 
supposed to weigh a pound avoirdupois? 
dnsw. ^10,293,942,005,418 6 ftj. 

22. Find the value of the interminate decimal '40^, Answ, i^ 

23. Required the value of the infinite decimal 'bVS^. Answ. If, 

24. Find the sum of the infinite series J, i, i, ^, &c. Aiuw» 1. 

25. Find the sum of the infinite series 7) i; A, ^i, &c, Answ* |. 



HARMONICAL PROPORTION- 

It may be proper to subjoin to what has been said respecting equidif* 
ferent quantitieB and continual proportionals, a few observations on har* 
monical proportion, a subject which, though of minor importance, should 
not be entirely overlooked. 

Hiree or four numbers are said to be in habmonical paOFOETiON, 
when the first ifc to the last, as tlie difference of the first and second is to 
the difference of the last and the last but one. 

Thus, 2, 3, and 6, are three numbers in harmonical proportion, 2 being 
to 6 as 3—2 to 6—3: and 15, 12, 6, and 5, are four numbers in har- 
monical proportion, since 15 : 5 : : 15 — 12 : 6 — 5. 

The reciprocals of three equidiffVrent numbers are in harmonical pro- 
portion. Thus, ^, \, and ^ the reciprocals of 2, 5, and 8, are in har- 
monical proportiop : and if these fractions be reduced to equivalent ones 
liAving a common denominator, the numerators 20, 8, and 5, will be of 
the same nature. 

To ^ndjimr numbers in harmonical proportion, find thr£e such num- 
bers in the manner just shown; and then let the mean anclone extreme, 
and the mean and the other extreme, be multiplied or divided by any 
numbers whatever, and the four numbers thus found will be the terms 
. required. Thus, teJung SO, 8, and 5, the numbers last found, we Lave, by 
halving the first term and the mean, and trebling the mean and the third 
term, 10^ 4,. 24^ and 15, which are in harmonic proportion, since 10 1 
15 : : 10—4 : 24-^15 ; and in this manner we may find as many such 
numbers as we please.* 



« It If worthy of remark, that the reciprocals of continual proportionais are alao con. 
tinual proportional*, while the recii^ocals of tfaree eqiudifferent numbers are ia barrooni. 
eA fropprtion, and, oonaequently, the reciproeato of three numbers in harmonical pro- 
portioo are equidiflferent numbers. Eartber also, if any two numbers be taken as ex- 
treraet, the harmonica] mean, the mean pr<H)ortionaI,4od theequidiflforent mean between 
tbem are three continual ptopoitionalt. Thus, the three means, between 90 and 5, are 
i^ 10^ and IS!| : the second of which is a mean proportional between the other two,' 



To 
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POSITION.* 

PosiTioH is a rule by which, from the assumption of one 
or more faUe answers to a problem, the true one is obtained. 

It admits ctf two varieties. Single Position^ and Double 
Position. 

In SIK6LE POSITION the answer is obtained by one as- 
sumption : in DOUBLE POSITION it is obtained by two. 

Single Position may be employed in resolving problems, in which the 
required number is any how increased or diminished in any given ratio ; 
such as when it is increased or diminished by «ny part of itself, or when 
it is multiplied or divided by any number. 

Double Position is used, when the result obtained by increaang or 
diminishing . the required number in a given ratio, is increased or 
diminished by some number which is no known part or multiple of the 
required number; or when any root or power of the required nunw 
ber, is either directly or indirectly contained in the result given in the 
question. 

SINGLE POSITION.! 

RtfLB. (1.) Assume any number, and perform on it the 
operations mentioned in the question as being performed on 
the required number: (2.) Then, as the result thus obtain- 
ed, is to the assumed dumber, so is the result given in the 
question, to die number required. 

Exam. 1. Required a number to which if one half, one third, 
on^ fourth, and one fifth of itself be added, the sum may be 1^^ 

Suppose the number to be 60 : then, if to §0 one hal^ one third, 
one fourth, and one fifth of itself be added, the sum is 137. Hence, 
according to the rule, as 137 : 1§44 : : 60 : 720,' I3i6. number re- 
quired. The truth of the result is proved by adding to 720, one 
half, one third, &c. of itself, and the sUm is found to be 1644. 
The number 60 was here assumed, not bs hems near the truth, but 
as being a multiple of 2, 3, 4, and 5 ; and in tlus way the operation 
was kept free rrom fractions. By the assumption of any otlier 
number, however, the answer would have been found corriecfly, 
but often not so easily. The reason of the operation is obi^oua 
from the principles of proportion. 

Ex. 1. Divide ^2000 between A, B, and C, giving A as mudi 
as B and a fifth part more, and C as much as both together. 
Jnsw, A'spart £54:5 9 1, B's ^6454? 10 11, C's jBIOOO. 

• This rule is sometimes called Oe Rttlc qfPaltet or the BtUe qf JMse Po$iiiofit<n He 
Rule qf Trial and Error, It might properly be called the Rule qf SuppotUion. 

f Every question that can be resolved by this rule, may also be resolved Itf the nOm 1^ 
Double Position, or without Position, by some of the preceding rules rand hence ti^ 
rule is of uttle importance, -^ — 



DOUBLE POSITION. S»l 

H. One third of a ship belongs to A, and one fifth to B^ au9 
A's part is worth £1000 more than.B's: required the value ot 
the ship. Answ. £i600. 

3. It is required to divide 252 into three parts, such that one 
third of the first, one fourth of the second, and one fifth of the 
third, shall airbe equal to one another. Answ, 63, 84, and 105. 

4. To find a number such that if it be multiplied by 10, and the 
product be divided bj 13, the quotient, increased by the number 
Itself, and by 80, will amount to 1000. Answ. 520. 

5. Required a number to which if one half of itself, onethvdof 
that half, and one fourth of that third, be added, the sum^^l be 
500. Answ. 292i\. 

6. A father bequeaths to his three sons £7000 in such a man- 
ner, that if the share of the eldest be multiplied by 5, that of the 
second by 6, and that of the third by 7, the products are all equal. 
What are their shares ? Answ. £2747 13 ^i, J^289 14 4}, and 
£1962 12 4. 

7. The number of a gentleman's horses is two fifths of the num- 
ber of his black cattle, and for every four of the latter he has eleven 
sheep. Required the number of each, the number of the sheep 
exceeding that of the horses by 141. Answ. 24 horses, 60 black 
cattle, 165 sheep. 

DOUBLE POSITION. 

Rule I. (1.) Assume two diflferent numbers, and perform 
on them separately the operations indicated in the question^: 
(2.) Then, as the difference of the results thus obtained, is 
to the difference of the assumed numbers, so is the difftf ence 
between the true result and either of the others, to the cor- 
rection to be applied, by addition or subtraction, as the case 
may require, to the assumed number which gave this result. 

This rule, whidi was first published in substance by Mr. Bonnycastk 
in bis larger work on Aritbmetic, ia 1810, is the simplest and easiest tiiat 
has yet appeared for the resolution of questions in which the given result 
is a known number, independent on the required number.' and these ques- 
tions are generally the most usefuL Mr. Bonnycastle appears, however, 
not to have been aware, that this rule fails in relation to the whole class 
of questions, in which the result of the operations to be performed, ac- 
cording to the question, on the required number, is not a knoum, determi* 
note number, but the required number, or one depending on U, such as some 
jmultiple or part of it. In that case the following rule will be necessary* 
TbM rule has also the advantage of being applicable in every case whatever* 

Rule II. (1.) Having assumed two different numbers, per- 
form' on them separately the operations indicated in the 
auestibiiy and find the errors of the results. (2.) Then, as the 
aifltyeoQe of the errors, if both results be too great or both 
too Ittdcl,' or as the sum of the errors,, if one result be too 
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great and the other too small, is to the difFerence q( the as- 
turned numbers, so is either error to the correction ta ^ 
applied to the number that produced tha^f error. 

Exam. 1. Required a number, from which if 2 be subtracted* 
one third of tiie remainder will be 5 less than half the rsquired 
number. 

Here, suppose the required number to be 8, from which take 8, 
and one third of the remainder is 2. This being tdken from ohe 
half of 8, the remainder is 2, the Jirst result. Suppose again, the 
numf^r to be 32, and from it take 2 : one third of the remaiiider 
is 10, which being taken from the half of 32, the remainder is' 6, 
the second restdl. Then, the difference of the results being 4, ' the 
difference of the assumed numbers 24, and the difi^nce between 
5, the true result, and 6 the result nearer it, being 1 ; as 4 : 24 : : 
1:6, the correction to be subtracted from 32, since the result 6 
was too great, ttence, the required number b 26, 

Exam. 2. If one person's age be now only four times as great 
as another person's, though 7 years ago it was six times as great : 
what is the age of each ? 

Here, suppose the age of the younger to be 12 years; then would 
the age of tne older be 48. Take 7 from each of these, and there wlU 
remain 5 and 41, their ages 7 years ago. Now, 6 times 5 is SO, 
which taken from 41, leaves an error of ll years. By supposifig 
the age of the younger to be 15, and proceeding in a sunilar ni^- 
ner, the error is found to be 5 years. Hence, as 6, the diflference 
of the errors, (both results being too small,) is to 3, the differen(?e 
of the assumed numbers, so is 5, the less error, to 2^, the correc- 
tion ; which being added to 15, the sum, 17 J, is the age of the 
younger, and consequently that of the older must be 70. 

Both the rules above given for Double Position depend on the prin- 
ciple, that the differences between the true and the assumed numbers, are 
|)roportional to the differences between the result given in the question 
and the results arising from the assumed numbers. This principle la 
quite correct in relation to all questions which in Algebra woi^ b^ re- 
solved by simple equations, but not in relation to any others ; and H^uce, 
when applied to others, it gives only approx:<mations to the true restiitb. 
In this case the assumed numbers should be taken as near the trii^ an- 
swer as possible. Then, to approximate the required number 6tiH tAtfte 
nearly, assume for a second operation the number found by the firsf^'^d 
that one of the two first assumptions which was nearer the true answer, 
or any other number that may appear to be nearer it stilL In this w«iy, 
by repeating the operation as often as may be necessary, th^ true resuh 
may be approximated to any assigned degree of accuracy. When tip- 
p\iid in this way. Double Position is of considerable use in Algebra, 
affording in many cases a very convenient mode of approximating the roott 
of equations, and finding the values of unknown quantities in very com- 
plicated expressions, without the usual reductions. 

Exam. 3. Required a number to which if twice its square be 
added, the sum will be 100. 
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It is easy to see that this number must be between 6 and 7. 
These numbers being assumed, therefore, the sum of 6 and twice 
Its square is 78, and the sum of 7 and twice its square 105. Then 
as 105—78 ; 7 — 6 : : 105— 100 : -18; which being taken frdm 
7, th^ remainder, 6*82, is the required number nearly. To this let 
twice its square be added, and the result is 99-844j8. Then as 
105.— 99-8448 : 7 — 6-82 : : 105— 100: -1746; which being taken 
from 7, the remainder is 6*8254, the required number still more 
nearly : and if the operation were repeated with this and the for- 
mer approximate answer, the required number would, be found 
true for seven or eight figures. 

Ex. 1. A merchant increased his capital each year by a fourth 
of itself, except an expenditure of ^300 ^ annum, and at the end 
of four years found himself worth ^65000. What was his original 
capital? Answ. ^62756 9 7i. 

2. Siippose every thing to be as in the last exercise, except that 
at the ena of four years the merchant found himself possessed of 
twice his original stock: how much had he to begin with? 
Answ. £S9i8 11 8. 

3. Required as in the two preceding exercises, supposing every 
thing as before, except that at the eiul of the tinie the merchant 
finds himself possessed of only half his original capital. Anstv. 
£890 18 11. 

4. Required a number from which if 84 be taken, three times 
the remainder will exceed the required number by a fourth of 
itself. Atuw. 144. 

5. Reauired a number such that if it be multiplied by 1 1, and 
320 be taken from the product, the tenth part of the remainder will 
be 20 less than the number itself. . Amw. 120. 

6. Required a number whose half is as much less than 1000, as 
its double is greater than 999. Answ, 799f . 

7. A farmer engaged a labourer on condition of paying him 1/4 
a day for every day lie should work, and of charging him 9d. for 
^sJiHmduig every day he should be idle. Now, at the end of a 

ir(3l3days) the man was entitled to j£12 : how many days then 
I he work ? Answ, 227}| days. 

8. Hbwmanyguineasof ^1 2 -O, andmoidoresof £1 9 3 each, 
will pay a Inll of j£130, the number of pieces of both kinds being 
100? Answ. 50 of each. 

9. If 1 be added to a number, and 100 divided by the sum, the 
quotient is 3 less than if 1 had been subtracted from the number, 
and 100 divided by the remainder : required the number. Arutv. 
8-2259751. 

10. Required a aurober which exceeds 3 times its square root 
brll. ilnnir. 26-420164a 

It' Required a nurabex to which if twice its square and 3 times 
its cube be added, the sum will be 2000. Answ. 8*506744. 

i% "Qvren the sum of two numbers = 20, and the sum of their 
squares = 324: required the numbers. Answ. 17'8740079, «<• 
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COMPOUND INTEREST. 

The method that naturally presents itself for finding the amount 
of a sum at compound interest, is to find its amount at simple 
interest at the end of the first year; then to take this amount as 
a new principal, and find its amount in like manner, which would 
be the amount at dompound interest at the end of the second 
year, and the principal for the third year, the amount of which 
must be found in like manner. Ck>ntinuing the process, we should 
thus find the amount at the end of the proposed Ume. This will 
be illustrated in the following example. 

Exam« 1. Required the amount of ^2500 at the end of 4 

years, at 6 ^ cent. V annum, compound interest. 

Here, the amount for 1 year is ^2650 ; the amount of whicl^ 
for 1 year also is £2809, the amount at compound interest for two 
years. The amount of this again for 1 year, or the amount of the 
given sum at the end of the third year, is jt2977 10 9| : the 
amount of which for the same time is £3X56 3 10, the amount of 
£2500 for four years.— -The amount at simple interest would have 
been £3100, which is less than the amount at compound interest 
by £56 3 10. 

When the time is short, this method may be practised without 
much trouble; but when the time is long, the labour would be- 
come very great. In this case, the methods that follow should be 
employed. 

Rule I; To find the amount of one pound sterling for any 
number of years^ at compound interest: (1.) Divide the 
amount of j£mX) for 1 year by 100, and the quotient will be 
the amount of one pound for 1 year: (2.) This amount in- 
volved to a power denoted by the number of years, will be 
the amount of 1 pound for that number of years. 

The contracted mode of multiplication of decimals is peculiarly use« 
ful in this rule, and in computations in compound interest and annuitiea 
in general. So also is the contracted method 6f dividing decimals. 
{Seepages 118, 121, and 203.) 

Exam 2. Required the amount of one pound sterling for 20 
years at 4J ^ cent. V annum, compound interest. 

Here, the amount of £100 for 1 year is £104-5, the hundredth 
part of which is £1*045, the amount of £1 for a year. The second 
power of this is £1*092025, the amount of £1 at the end of the 
second year. The product of this by itself, by the contracted 
method of multiplication, is £1*192518, the amount at the end of 
the fourth year. The square of this again is £l-4<22099, the 
amount for eight years ; the square of which is £2*022366, the 
amount at the end of the sixteenth year. Finally, the product of 
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this by £1*192516 (the amount for four years) is i€2*411708, or 
£2 8 2} nearly, the amount of j£1 for 20 years. At simple inter- 
est, the amount would hare been only «6jl 13. 

Had the producte here been found at full length, the labour would have 
been immense. In the last multiplication, one of the factors would have 
contained 49 figures, the other IS, and the pioduirt 6i. It should be 
carefully remarked, however, that the dociUial part of the amount found 
as above, will rarely be true in all its plAC^s. A trifling error in reject- 
ing or over-estimating a figure at the end of & decimal may accumulate, 
and rcnd&r the ace uracy of the last figure, or the last two figures doubt- 
ful. Thus, in the preceding result, the two last figures should have 
been 14 instead of 08, which would occasion an error of rather more 
than a penny in the amoun*. of j^lOOO. When great accuracy is required, 
dierefore, the amouuts should be brought out to a greater number of 
places, and the last figure or two of the final amounts rejected, or not de- 
pended on. The larger the sum also whose interest is required, and 
the longer the time, this is the more necessary, as the effect of the error is 
the more perceptible. 

Exam. 3. What is the amount, true to six places of decimals, 
of £l for 6 years, payable half-yearly, at 5 V* cent. ^ annum 
compound interest ? , '. * ** 

Here, the payments being half-yearly y the amount pf^^l^fpr 
half a year is ^6102 10, or £102*5; and, consequeijtlj'j.tKat' af i^l 
for the same time is £1*025 : the square of this ip l'J0^O625, or 
1:0506250, the amount for two half years, or one year. Multiply- 
ing this by 1*050625, by the contracted meUiod, we obtain 
M038129, the fourth power of £1025, or the amount of £\ for 
two years ; the third power of which is- 1*3448988, the twelfth 
power of £1*025, or the amount of £1 for six years or if only six 
figures of decimals be retained, 1*344889. 

Exercises, Find the amounts of £ i in the following exercises, 
at the given rates ^ cent. ^ annum : 

Exerdset, Ansufers, 

1. For 10 years, at 10 V cent., &c^ 2-593742 

2. 17 6i 2*802799 

3 100 ^....^^ 8 19*219632 

4. w^ 100 4 50*504948 

5. ..^ 100 ....^ 5 131*501258 

6. 100 6 339*302083 

Rule II. To find the amount ^ or the interest y of ax\y sum, 
jt compound interest, for a given time, and at a siven rate : 
Find the amount of jSl for the given time b^ rule L, and mul- 
tiply it by the given sum ; the product will be the amount 
required. 

if the principal be subtracted from the amount, the re- 
flbainder will be the interest. 

L3 
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Exam. 4. Required the amount of £7&> H 4 for 1$ years, 
at 5 ^ cent. V annum^ compound interest. 

By rule I., the amount o( £1 ia found to be i€ 1-795856. 
This being multipJied by 760, 1 •795856 
and aliquot parts taken for 14/4, .^^q I^ ^ 
as in the margin, thcjre results ___^^ 

for the amount £ 1 366 2 9 j and , ^^^ ^ , o/jn 

. . . , , . ,. ' . t Iu77oloo0 
the principal being subtracted 12570992 
from this, there remains for the g^^g^S for 10/ 
interest, £605 8 5. The sim- 359171 4/ 

lie interest would have been oqoqi Zi 

^456 8 7i. The same result ^^"^^^ -^ *^ 

would have been obtained by ^jaea,! 37590, or 
usinginsteadofJ4/itheequiva. ^igga 2 9, th^ ainouiit. 
lent decunal, and the answer *^ 

would in that case have been found by multiplication alone. 

Exercises. Find the amounts of the foUowb^ sums at the^iyai 
rates V cent. V annum : . 

Exercises, ^ Answer^.. 

£ s, d. £ i. tL 

7. £251 16 6 for 9^years, at 5 V cent,, &c 390 13 3 

8. £212 0..--,ft 4 -^ 381 16 

9. £213 13 4.^14 5^ ...452 2 9i 

10. £463 10 10 12 :^6 ' 932 14 6} 

li. £295 12 6 17 4^1: , .:..- ....... 624 15 4 

12. £495 7 6 „ 13 SJ ™Ju 774 14 UD| 

13. £649 13 6 16 5 1418 3 2 

14. £582 7 6 ™ 5 5^ .•.. 761 2 0} 

15. If a boy 12 years old, have a legacy of £1396 16 8 left tso 
him, how much will he have to receive at the age of 21, the legacy 
being improved by compound interest at 5 ^ cent, fr annum. ? 
Amvu £2166 18 llj. •*-- 

16. Required the amount of £589 10 5 from the third tilt tbe 
twenty-first year of a boy's life, at 5 Vcent. W annum, compound 
interest. Avsw. £1418 15 OJ. . 

17. £648 from the 6th till the 21st year of a boy's life, at 4}, &C. 
Answ. £1299 16 6 J. 

18. If a merchant commence trade with a capital of £ 1 200, and 
each year, after paying all expenses, increase the capital of tbe 
former year hy a fifth part of itself; how much will he be worth at 
the end of 30 years ? Answ, £284,851 116;^. 

Rule III. To find the principalf inhich at a given ratCt and 
tn a given timey tmll amount to a given sum : Or, to find the pre* 
tent worth of a sum at compound interest Jbr a given time^ and 
at a given rate : Divide the given sum by the amount of j^l, 
found by rule I., and the quotient will be the principal or 
|)resent worth required 
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The present worth of £1 may be found by dividing it 
by its amount for the given time. 

Exam. 5, What sum must be lent at compound interest, at 
5 V cent. ^ annum, at the birth of a child, so that the amount 
may be ^£3000 6 8 at the end of 21 years ? 

Here, the amount of ^61 for 21 years being 2'785962, we have 

for answer Je3000•3'-^-2•785962 = ^10769469 = ^61076 18 I4. 

Exercises, Required the present worths of the follow! ig^ums, 

or the principals that would produce them, at compound interest, 

at the given rates ^ cent, V annum : 

Exercises. Answers. 

£ i. d. £ s. d. 

19. 324 18 6 for 9 years, at 5 V cent., &c 209 8 11} 

20. 264 118^12 4} 15112 U 

81. 564 18 4 27 4 192 9 1 

22. 1000 22 8 183 18 9J 

23. A brother is to pay his sister a portion of ^4500 at the end 
of 11 years: how much will discharge the debt at the end of 4 
years, compound interest being allowed at 4J V cent V annum 
on the sum he pays? Answ, ^63306 14 6}. 

24. With what capital must a merchant commence trade, to be 
worth je 15000 at the end of 12 years, if he may be expected to 
dear annually an eighth of his capital ? Answ. -€3649 14 7}. 

25. Whether is it better to sell a farm for J81000 payable at 
present, ^1000 payable at the end of 5 years, and jBIOOO payable 
at the end of 10 years; or to sell it for £3000 payable at the end 
of 5 years, compound interest being allowed at 4 ^ cent. V an- 
Bum ? Answ. Itetter at three payments, by £31 14 2^. 

^ The reason of the first rule will appear from the following con- 
siderations. The amount of £1 for a year will evidently be a hun- 
dredth part of the amount of £100 : and as £1 is to its amount 
for a year, so is any other principal to its amount for the same 
time. Hence, to take a particular instance, the amount of £1 for 
a year at 5 per cent., will be 1*05 ; and by the nature of compound , 
interest, this will be the principal for the second year. Then, as 
the principal £1 : £1*05, its amount : : the principal £1*05 : 
£1*05*, which win be the amount at the end of the second year, and 
the principal for the third year. Again, as £1 : £1*05, its amount : : 
the principal £1*05« : £l*05», the amount at the end of the third 
year, and the principal for the fourth year. . In this manner it will 
appear, that tne amount of one pound for any number of years 
imk be equal to £1*05 raised to the power denoted by the number 
0f years. The amount of £1 being thus determined, it is evident, 

ait the amount of any other principal will be had by multiplying 
^amountof £1 by that principal, since the amount will evidently 
be proportional to the prindpal ; which proves the second ru4c. 
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The third rule is evidently the converse of the second, and betice 
its correctness is evident.* 

It may be proper here to observe, thai:, if interest be payable yearfy, 
fhe amount of £ 1 at the end of 6 months will be the square root of its 
mount for a year ; its amount for 4 months, or one-third of a year, the 
cube root of the same ; for three months the fourth root ; for a day the 
S65th root, &c. Fartlier, also, the amount of dBl for 2 days will be the 
quare, for S days the cube, &c. of its amount for one day ; its amount 
Or 8 montlis will be the square. of its amount for 4 months ; its amount 
for 9 months the cube of its amount for 3 months : and, finally, its 
amount for a year and a quarter will be the product of its amounts for 
a year, and for 3 months ; and its amount for 6 years and a half will b« 
the product of its amounts for 6 years, and for half a year; and so in 
similar cases. All this will appear obvious from a due* consideration 
of the nature of compound interest. 

If the interest were payable hatf-yearii/, however* at a given rate, pet 
cent, per annum, as in the third example, the amount at the end of a 
year would be more than if it were payable yearly. Thus at 4 per cent, 
per annum, payable half-yearly, the amount at tlie end of half a year 
would be 1 02 ; at tlie end of a year, or two half years, 1 02*, or 1 oicH 5 
at tlie end of a year and a half, or 3 half years, 1 "023 ; at the end of 2 
years, or 4 half years, 1 02^, &c.— Had it been payable quarteily, the 

* If r be put = the amount of 41 for a year, p = the principal, r=thetime,, and0s. 
the aaiount ; the second rule expreawd atgebraicatly witt become a =;tr^......(]) ; or, bf 

taking the logarithms of both sides, log a = logp+^ log r.........(S.) From equation I 

a 
we have p=:~^» whidh is the algebraic expression for rule HI. : also from equation % 

we have log p sdog a — < log r, which is a logarithmic formula for the same purpose. 

JL 
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From equation 1, we have alior.^v. p ) ; and from equation 2, log r=- 

Each of these scrret for the resolution of the problem in which it is required iojktd tke 
rate at vMch a gitten principal will amount to a given ium in a given time. The first 
of them expressed in words gives this rule : Divide the amount b^ the prindpatt and thai 
root qf the quotient which is denoted by the number of jfearStWiU be the amount qf£lfor 
1 year, whence the rate will be knoum. Thus, if it be required to find at what rate £1000 
would amount to £1360 17 S in seven years, let the latter, wiUi its shillings and pence 
.reduced to a decimal, be divided by the former : the quotient is I'360668d, the tevenHk 
root of which is 1*045 nearly. Hence, the rate must be 4| p«r cent, per annum. 'Rie 
difficulty of the extraction of high roots, renders this mode of calculation inferior almost 
beyond comparison to that by the logarithmic formula above exhibited, unless, which Is 
imrely the case, a degree of accuracy may be required which cannot be attained by legwr* 
ithmic tables. In general, indeed, the great facility afforded by logarithms in cahilatioc, 
will be as much felt in Compourid Interest as hi almost any other part of Mathonafics, 

We have also, from equatioh 2, t =^fe±=d!2&P. - « formula which will serve toM^il 

^ Ume in wkteh m given prineipal ai a given rate win amount to a gnen stam. This 
may also be ai^roximated without logarithms by Position : for if the given smeam be 
divided by the principal, the ^otient will be the amount <^ £1 for the required time: theft ' 
tills and the amount of £l for a yeikr, being known, the time will be found, either exactly 
or nearly §0, without much diiBculty. 
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»|irHmats at the end of 1, 2, 3, &c. quarters would have been iK>l, 1*0-1*, 
i "01 ', &c. In such cases, to find the amount of £i at the end of tlte pro-^ 
poKd time, raise its amount at the end of t/tejirst payment, to the power ik" 
noted by the number o/jtayments. 

As calculations in Compound Interest ai'e much facilitated by the use 
of interest tables, a table constructed by rule I., is given at the end of 
the book showing the amount of £i at compound interest for any number 
of years not exceeding 50^ at the most useful rates. The pupil, after hav* 
ing wrought the preceding exercises by the rules already given, should 
be taught, instead of finding the amount of £i by rule I, to take it* 
when he can, from the table. This table will also be useful in finding 
by inspection, in many instances, the time, from the principal, rate, and 
amount ; and the rate^ from the principal, time, and amount. 



ANNUITIES. 



Art Annuity is a fixed sum of money payable at the ends 
of equal periods of time, such as years, half-years, or quar- 
ters. 

Annuities are of two kinds, Certain and Contingent. 

Annuities certain are those which commence at a 
fixed time, and continue for a determinate number of years. 

ANifUiTiES coNTiNGFN » are those whose commencement, 
or continuance, or both, depend on some contingent event, 
usually the life or death of one or more individuals. 

The PRESENT* VALUE of an an annuity at compound in- 
terest, is such a sum as would, if lent at compound interest 
for the given time, amount to the same sum to which the 
annuity itself would amount, if forbom during the same time. 

When an annuity does not come into possession till a 
given time has elapsed, or some particular event has taken 
place, it is said to be an annuity in rbveasion. 

ANNUITIES CERTAIN 
Rule I. To find the amount of an annuity ^ payable yearly y 
the payments of which are forbom for a given timcy compound 
interest being charged on them as they become due : (1.) Sub- 
tract a unit from the amount of £\ for a year, and from itf 
amount for the given Xavoq at compound interest ; (2.) Di« 



• An anmiity is eommonly Kdd to be worth a» many vean* purpose as there ate pmindt 
in Um present value of an annuity of £1, Thus in the case of an annuity for SO years at 
5 per cent per annum, beeause the present value of an annuity of £\ is tfl€'4i63« &Ck 
tbe annuity is said to be worth about 12^ years' purchase. 
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vide th« latter remainder by the former, and the quotient. 

will be the amount of an annuity of £\ forbom for the pro-. 

posed time: (3.) Multiply this amount by the given an*: 

nuity, and the product will be the amount required. 

when the payments ate not yearly y instead of the amount 
of £V for a year, use its amount for the interval between the 
payments ; and instead of tlie number of years, use that 
number of payments that would have been made during the 
time they were remitted, and then proceed as before. 

Exam. 1. If a person save £120 fT ammm, and improve it 
at 5 ^ cent. ^ annum, compound interesty how much will be be 
worth at the end of 20 years ? '^ 

The amounts of j81 for 1 year and for 20 years, at 5 1^ cent, 
' per annum, are (as found by rule L Compound Interest) 1*06 aod 
2*6532977 ; from each of winch if a unit be subtracted, there remaio 
•06, and 1'6532977. Let the latter of these be divided by the for- 
mer, and the quotient, 33*065954, is the amount of an annuity of 
£\ for 20 years; then let this be multiplied by 120, andthe'pro*- 
duct, £3967*91448, or £3967 18 3}, is the amount required. In 
this case, the gain by interest is £1567 18 3^, since the person's 
savings without interest, would have been £120X20, or £2400. 

Exam 2. Let every thing be as in the last example, excepC 
thj»t the annuit; is payable half-yearly ^ instead o( yearly. ^ 

Here, since the payments are half-yearly, there would have been 
40 pajnnfients ; and the amount of £1 at the end 5f half a year, in 
these circumstances, is £1*025, the 40th power of which is 
2*6850723, the amount of £1 at compound interest at the end of 
20 years. Then, 1*6850723 4-'025 z= 67*402892, is the amount, 8t 
the end of 20 years, of an annuity of £1 payable at the end of each 
period of 6 months. Multiply this by £60, the sum payable each 
half year, and the product, £4044*17352, or £4044 3 5^, is. the 
amount required, which is ^76 5 2 more than the answer of the 
last question. It is evident, that the more frequent the payments 
are, the greater is the amount : for the several gains by interest 
are thus put sooner to gain more interest. (See exercise 1 \,J 

The theory of the preceding rule is much more easily and satisfactorily 
explained by an algebraic investigation, than it can by common Aritfak 
noetic. For the use of those, however, who are unacquainted with 
Algebra, the following illustration of a particular case is annexed. ' Let 
it be required to find tlie amount of an annuity of £i for 8 years at 5 
per cent, per annum, compound interest. At the end of the time, 
the eighth payment would he simply £\ : the value of the seventh 
would be £l •05, as it would remain at interest for 1 year : that of the 
sixth £105*, as it would remain at interest Shears : that of the £ftb 
jfl-05»5 of the fourth sf 1-05* ; of the third iri«05» j of the second 
£1 05« ; and of Uie first £l •0S\ Hence, the entire amount to be fo. 
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ceived at the -end of the lime would \^ the sum of the series of continual 
proportionals 1, 1-05, 105«, 1*05^ 105*, l-05», 1 05«, and l-05». 
But, by rule II.» page 216, the sum of this series is (1 -05^ -» 1; ^ *05a 
which agrees with the rule here given for finding the amount of an an- 
nuity of ;£:1. The rest is obvious. 

It may serve to illustrate tlie nature of annuities^ to show another 
method of resolving the first exercise which method might also be em* 
ployed in solving all questions of a similar nature.-~As ;fi;5 : i:l(X>: : 
£120 : : j^2400, the principal which would gain £l20 per annum. TIien» 
at compound interest, the amount of £2400 for 20 years is £6367 18 3^ ; 
firom which £2400 being subtracted, we have remaining ^3967 18 Sj» 
Ibr the interest, or improvement of this imaginary principal, which is 
also the amount of the annuity. 

When the pupil shall have learned to perform the exercises on this 
rule and the next, he may be taught to use Tables II. and III. at the 
end of the book as oAen as they are applicable. By this means the labour 
%Htl often be greatly abridged, in the same manner as operations in com- 
potuad interest are oftemmuch shortened by the use of Table I. 

Exercises. Find the amounts, at compound interest, of the fol- 
lowing annuities, payable yearly, and forborn during the given 
times, and at the given rates per cent, per annum : 

>. Exerciser, Antuxn» 

£ s. d. £ s. (L 

1. Annuity 100 forbo^ 10 years, at 4 1200 12 2A 

2 13 16 9 14 6 289 14 lo| 

3. -.-....-^ 56 17 6 9 6 653 11 4^ 

4 11 7 6 12 5 181 1 1} 

5. 34 2 6 8 5J 33114 11} 

6 14 15 9 15 7 371 11 lOf 

7 51 2 8J 14 ^ 968 2 o\ 

8. If a person rent a farm at £57 14 3 ^ year, payable yearly, 
and forbear paying rent for 16 years : bow mucli will he owe 
to the proprietor at the end of that time, allowing him compound 
interest at 5 ^ cent. ^ annum ? Antm, £ 1364 6 6. 

9. Suppose a person who has a salary of ^75 a year, payable 
half-yearly, to allow it to remain unpaid 17 years : how much will 
he be entitled to receive at the end of that time, compound interest 
being allowed at 6 V cent. V annum? Answ, £2164 17 7 J. 

10. Suppose a salary of £1 1 7 6 a year, payable at periods of 
two years each, to be forborn for 1 2 years at 5 V cent. W' annum, 
compound interest : what will be its amount ? (See exercue ^,} 
Afuw. £175 10 7^. 

.11. Suppose a salary of £120 ^ annum, payable quarterly, to 
be forborn at compound interest for 20 years : to what sum^ will 
it amount at 5 ^ cent. ^ annum ? Anno* 4083 11 3J. 

Rule II. To find tJie present valt^ of an annuity at com- 
pound interest •• (1.) Find by the last rule the amount of an 
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annuity of £1 forborn for the given time, and at the given 

rate : (2.) Divide this by the amount of £1 at compound 

mterest for the given time, and the quotient will be the 

present value of an annuity of £1 for the given time : (3.> 

Multiply tliis by the given annuity to find the present value 

required.* 

In case o£ an annuity to continue for ever, or, as it is 
called, a perpetuity y subtract a unit from the amount of j^l 
for a year, or for the interval between the pajouents, ^nd di- 
vide a unit by the remainder : the quotient is the present 
value of a perpetuity of £1 ; which multiply by the given 
perpetuity. 

Or, as the given rate : i-lOO : : the perpetuity : its pr^ 
sent value. 

Exam. 3. Required the present value of a house held on a 
lease of which 22 years are unexpired, and bringing a profit rent 
of ^4-5 10 per annum, payable yearly, compound interest being 
allowed at 6 per cent, per annum. 

Here, the amount of £\ for 22 years is 3-603537. Then divid- 
ing 2*603537 by '06, we get 43-3923; the quotient of which by 
3-603537, is 12-041583, the present value of an annuity of ^l for, 
22 years at 6 per cent, per annum. Let this be multiplied by 
je45 10, and the product is ^547-892026, or ^547 17 10, the re- 
quired value. 

£xam< 4. Let every thing be the same as in the last example^ 
except that the annuity is paj^able Afl^-y<?ar/^ instead of yearly. 

In this case the amount of £1, at the end of 6 months is 
1*029563, the square root of 1-06; the 44th power of which (44 
being the number of payments,) or its equal, the 22d power of 1*06, 
is Si-603537. From this take 1, and divide the remainder, 2-603537, 
bv -029563, and the result by 3^-603537 : the quotient, 24*43916^ is 
the present value of £ I of each payment, which being multiplied 
by £22 15, the half-yearly payment, the product is ^555*99089, 
or £555 19 9f, the amount required. 

Exam. 5. Required the value of a perpetuity of £80 a year, 
at 6 per cent, per annum. 

* P«>rhap3 some might prefer the following very simple rule for this problem -, At ike 
given rate U to ^elOO, so is the annuity to the imaginarp principal toUCA would annualig 
proiluce the anmUty. Then from this principal subtract its present vaorth found bg mU 
111. for Compound Interest : the remainder will be the present worth of the ani»itp. 

It may be remarked, that wheD the payments are not yearly, difibrent writers have viewed 
the subject in different lights, and givm diSbrent rules for computing the present raiab, 
T)ie method employed in example 4, is perhaps preferable; but the reader wboiaiveK 
acquainted with the principles of compound interest will feel it easy to fom oUrar ralat 
founded on different supposltlcmsb The work of «cample 2, proceedi oa a < 
tvinciple. 
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As £6 : £100 : : £90 : jei333 6 8 : or £80-f.-06 = ^01333^, 
the value required. 

Exam. 6. Suppose the same perpetuity as in the last question, 
payable half-yearly : what is its present vdue ? 

At 6 per cent., the amount of jBI at the end of half a year, is 
i^ "029563 ; and in this question each payment is £40 : therefbre 
the Talue of the perpetuity is £40-^'029563 = £1353'0426, or 
J61353 10^, exceeding that found in the last question, in conse- 
quence of the frequency of the payments, by £19 14< 2^. 

T%e reason of the first part of this rule is evident from the defi- 
nition of the present value of an annmty(page 229,) and from rule 
I. in this article, and rule III. in Compound Interest. It might 
also be easily shown from rule III. of Compound Interest, that at 
any particular rate, as 5 per cent, the present value of an annuity 
of £1 is the sum of the decreasing series of continual proportion- 
als, whose terms are the present worths of £1 at compound inter- 
est for I year, 2 years, 3 years, and so on; the first term being 
1-4-105, the ratio 1*05, and the number of terms equal to the num- 
ber of years. Now the summation of this series, according to rule 

11. in the note, page 218, agrees exactly with the first part of the 
role given above: and the summation of the injMe series of pre-- 
sent worths, according to the second part of the rule in the text 
of the same page, agrees with the rule here given for a perpetuity. 

Ejtercuet. Find the present values of the following annuities, 
for the given times, and at the given rates per cent per annum, 
compound interest : 

Exercises, Anstuers, 

£ s. d. £ s. (L 

12. Annuity 84 7 9 tocontmue 9 years, at 5 ...••599 16 2j^> 

13. .........^ 46 12 9 12 ;_^ 6 391 0^ 

14. ^ 75 6 ,„ ,.■■„ 2i 413 2 2} 

15 53 10 5 3} 264 2 7 J 

16. -......-.^ 113 15 10 4 922 12 3^ 

17. 95 5 6 13 10 676 15 b\ 

18. How much must a person pay to have a salary of £224 per 
annum for 19 years, being allowed compound interest at 5 per cent, 
per annum ? Answ, £2707 2 2}. 

19. Suppose a widow to be entitled to an annuity of £40 a year, 
payable half-yearly, from a fund, for 8 years : what is it worth at 
6 per cent. per annum, compound interest? Answ. £252 1 3|. 

20. If a farmer have a lease of 65 acres for 36 years, at £1 12 
per acre, what fine must he pay to reduce the rent to 15/ per acre, 
compound interest being allowed at 6 per cent, per annum ? 
Amw. £807 16 2^^ 

21. Required the present values of a perpetuity of £1, and of 
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another of ^£66 5, payable annually, at 4} per cent per amraxn 

Afuw, ^821 1 0i|,andi£1436 16 lOtV. 

22. A perpetuity of ^£126 6 8 at 4^ per.cent^ &c Atum. 
£2972 10 IHf. 

23. A perpetuity of j896 7 6, and another of £1, at 3^ per 
cent.,&c. Anno. ^£2753 11 5^, and ^£28 11 5f. 

84* Required the present values, at 5 per cent, per anniim^ of m 
perpetuity of £1, payable yearly; of the same payable hal^ 
vearly; and of the same payable quarterly. J/uw. £2^i 
Je20 4 Hi; andje20 7 5. 

Rule III. Tojind the present value of an annuity in vcver' 
jsion :' (1.) Find by rule II. the present value of the annuity 
from the present time till the end of the period of its con- 
Cimiance : (2.) Find also its value for the time before it 
comes into possession : (3.) The difference of these two re-' 
suits will be die present value required^ 

The reason of this rule is so obvious as to require no explanation* 
The following rule is also founded on obvious principles, and may per- 
haps be preferred by some. 

Rule IV. (1.) Find by rule II. the present value of the an- 
nuity during the time it is to be possessed : (2.) Then the 
present value of this result, found by rule III. of Compoojod 
Interest, will be the present value of the reversion. 

The next rule vrhich is in (nrincipie the same as the last, will perhape 
be found preferable for the purposes of calculation to either of tW 
preceding. 

Rule V. Subtract a unit from the amount of ^1 at com- 
pound interest during the period in which the annuity is to 
be possessed : divide the remainder by the amount of ^1 
at compound interest during the period from the preaeni 
time till the termination of the annuity ; and the quotient by 
the amount of £1 for a year, diminished by a unit ; the 
result will be the present value of a reversion of jfl. 

Exam. 7. A father leaves to his eldest child for 8 yeai^ a 
profit rent of jC'^SO per annum, payable yearly, and the reverskm 
of it for the 12 years succeeding to his second child. What is the 
present value of the legacy of the second at 4 per cent, per anaun, 
compound interest? 

JBy rule III. Here, by rule IL, the value of an annuity of jBI 
for 20 years at 4 per cent, in 13-590325, and for 8 years 6-733745; 
the difference of which is 6-85758, the present value of a reversion 
of £1 in the proposed circumstances. This being multiplied! by 
je280, the product, £1920-1224, or £1920 2 5^, is the vahief^ 
quired. 
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Jfyrule IV. The present value of an annuity of ^1 fbr 12 years 

is found by rule XL to be 9-385073 ; and by rule III. g£ Com- 

pound Interest, the present value of this for 8 years is found to be 

6-857579, as before. 

By rule V. The amount of £1 at compound interest for 12 
years, diminished by a unit, is -6010325 and the amount of £1 for 
80 years is 2-1CU123. Divide the former by the latter, and the 
result by -04, and there will finally result 6'857579, the same 
present value as before. 

Exercues. Required the present values of the following an- 
nuities in reversion, at the given rates per cent per annum : 

Eatermet. Answera. 

£ g. d. £ s. d. 

25. Ann. 135 10 9, after 6 yrs. & for 8 yrs. at 5 J.. 622 13 6 

9^ ,, ,, 79 12 6, 4 ,^,.^6 m5 .•332 9 11^ 

^7 58 9 10, 3 7 4J..302 8f 

28..^^ 54 12 3, 4 8 7 .. 24« 15 Sf 

29. A Perpetuity of £84 7 6, after 8 years, at 7 .. 701 10 7 
136 17 9, 8 5 ..1853 4^ 



31. What fine must be paid, to change into a perpetuity, a 
lease for 16 years, which brings a profit rent of ^£71 13 3 per an- 
num, payable yearly, couipouml interest being allowed at ii per 
cent, per unmiin ? Jnsw, ^866 6 8*. 

32. What fine must be paid to add 25 years to a lease which 
brings a profit rent of £\ 12 10, and of which 14 years are unes- 
pired, compmrnd interest being allowed at 5 r cent. W annum ? 
Atttw. £800 16 4}. . _ * •* r 

'33. What is the present value of the reversion of a perpetuitjr ot 
^660 V annum, payable yearly, but not to come into posMssion 
till the expiration of 100 years, compound interest being aUowecl 
at 6 ^ cent. ^ annum?* Amw, £2 18 11 J. 

AiNNUITlES CONTINGENT, OR LIFE ANNUITIES. 

Life annqities are those whose commencement or ter- 
mination, or both, depend on the extinction of one or more 
lives 

When life annuities are in possession, they are often called 
simply ANNUITIES ON LIVES ; but when they are m rever- 
sion, they are genially called annuities on survivor- 
ships. 



« This qucrtlon nwy tend to correct a mUtake that pretty generally preva»U '«P^ 
tbe oTpi-tWe value, of Icig lea.e* and perpetuities, the latter b«ng •uw««d w e^ 
S^d the fonner in ralue In a far greater degree than they really ^^'J^^^^^^ 
ihlchlhtaewciieUfounded,*hedUferenceor present valuesUno more ihao^ W u*. 
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The VALUE or a life is the present value of an annuitj 
of jSI to continue during that life. 

The EXPECTATION OF A LIFE of a given age9 is the mean 
period during which persons of thai age live. 

The COMPLEMENT OF A LIFE is douhlo the expectation 
of the same life. 

Tbtt calcuUtion of Uie laomties dependt on the joint application of 
the rules of compound interest, and of the doctrine of chances^ to 
tn^les deduced from observations on the duration of human life. In 
what follows on this si^bject, a selection of the rules most generally use- 
ful will be given V ^<^r the theory of these rules, which is of a nature 
too complicated to be given in a work like the present, tha reader who 
wishes to become thoroughly acquainted with this interesting and diffi- 
cult subject, may have recourse to the writings of Simpson, De Moivre, 
and more particularly of Dr. Price and Mr. Morgan, where the sutiject 
will be found treated at great length, both in theory and practice. 

The duration of life being different in different countries, calculations 
have been founded on the registers of births and deaths kept in London, 
Breslaw, Northampton, and various other places. Tables IV. and V 
at the end of the book, which are employed in what follows, are founded 
on the Northampton register, which is thought to serve, for the gene- 
rality of places, better than any other. 

Rule I. To find the present value of an annuity to continue - 
during the life of a person whose age is given: Take from 
table IV. the value of £1 for the given age and rate, and 
multiply it by the given annuity. 

Exam. 1. What sbould be given at 6 V^ cent. V annum, for a 
farm worth ^636 ^ annum, held on a lease of one lifb aged 58 years? 

Here, by the table, the value of an annuity o( £\ on the life of 
a person aged 58 years, is, at 6 V cent., 8' 173, the product of 
which by £m is £294*228, or ^6294 4 6J, the value required. 

Ex. 1. If a person aged 38 years, have a salary of £138 10 ^ 
year for life, what is its present value at 5 tf" cent. V annum ? 
Answ, .£1678 1 3}. 

2. What should a person aged 32 years, pav, at 4 ^ cent. ^ 
annum, to have for life a yearly salary of £180? Amw. £2609 2. 

3. If a farm of 28 acres be held at £1 14 6 V' acre, on a life 
aged 41 years, what fine roust be paid, at 5 per cent per annum- 
to reduce the rent to 10 shillings per acre? Aiisw. £401 2 9\. 

Rule II. To find the present value of an annuity which 
is to continue during the joint lives of two persons^ and to 
cease when either of them dies: In table V. find the age of 
the younger, or of either if they be equal, in the first colutnn ; 
and in the same division of the table, in the second column, 
find the age of the other; opposite to the latter is the value 
of an Annuity of £l, which multiply by the given annuity. 
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Exani. 2. What is the value at 4? per cent^ of an annuity of 
£90 per annum, to continue during the joint lives of two persons, 
whose ages are 15 and 50 years respectively ? 

Here, by table V., the vahie of an annuity of £1 is £9«872, the 
product of which by £90 is £888-480, or £^88 9 7^, the value 
required. 

Exam. 3. Required the present value, at 6 per cent., of an 
annuity of £120 per annum, which is to cease, when either of two 
persons, aged 14 and 57 years respectively, shall die. 

Neither of these ages being in the table, recourse must be 
had to the method of proportional parts. ^ (See p^e 191.) 
Thus, the table gives, for 10 and 55, 7-951, ahd for 15 and 55, 
7-812. The difference of these is '139, four fifths pf which being 
subtracted from 7*951, the remainder, 7-840, is the value of £1 
for the ages 14 and 55. In like manner, the table gives for 10 and 
60, 7*250, and for 15 and 60, 7-135; four fifths of the difference 
of which being taken from 7*250, the remainder, 7*158, is the value 
of £1 for the ages 14 and 60. Hence we have, for 14 and 55, 
7*840, and for 14 and 60, 7*158; two fifths o£ the difference of 
which being subtracted from 7*840, the remainder, 7*567, is very 
nearly the present value of £1 for the ages 14 and 57 : and this 
being multiplied by £120, the product, £908*04, or £908 9 J, 
is the value required. 

Ex; 4. Required the present value, at 6 per cent., of an annuity 
of £39 10, on the joint continuance of two lives of 25 and 73 
years. Atuw. £182 8 10^. 

5. Required, at 5 per cent., the present value of an annuity of 
£43 1^ 6 on the joint lives of two persons, whose ages are 44 
and 51 years respectively. Answ. 342 9 5|. 

RutE in. To find the present value of an annuity to cou' 
tinue during the longer of two lives : From the sum of the 
values of the single lives (found in table IV.) subtract the 
value of the joint lives (found by rule II. :) the remainder 
is the present value of an annuity of £^1 on the longer of 
the two lives. 

Exam. 4. For how much should a house be sold which brings 
a profit rpnt of £41 5 per annum, and is held by a leiase on the 
longer of two lives aged 20 and 35 years, compound interest being 
adlowed at 6 per cent, per annum ? 

By t|ible IV. the values of the lives are 12*398 and 11*236, the 
gum of wliich is 23*634. Also, by table V., the value of them 
iointly is 9*451, which taken from the preceding sum, leaves 14*183, 
the value of an annuity of £1 on the life of the longest liver? 
which being multiplied by £41 5, the product, £585*049, or 
£585 1 1 }• is the present value required, 

Ex. 6. What should be pjud, at 5 per cent., for the purchase of 



S88 LIF£ ANKUITIE& 

» proit rent of £68 5 per annum, to coi^dmie during die longer 
of two lives, aged 36 and 42 years ? Answ. ^iOOi 18 4^. 

7. What should a man, aged 44, pay, at 5 per cent., to secure, 
during his own life, and that of his wife,* aged 39, an annui^ of 
ieSOO a year ? Answ. ^2892 9 3^. 

Rule IV. Tojlnd the value of an annuity during thejouk 
continuance of three lives ; or tohich is to terminate on the e»- 
tinction of any one of them : Find by rule 11., the value ot 
the two eldest jointly ; and, by table IV., find what sin^e 
life would have this same vsJue. Then find, by rule IL, uie 
value of the joint continuance of the single me thus founds 
and of the youngest, and this will be the value of the three 
proposed lives jointly. 

Exam. 5. Required the present value at 4 per cent., (^ an aiv- 
nuity of j£140 on the joint continuance of three lives aged 15^ S(^ 
and 35 years. 

Here, at 4 per cent., the value of the joint continuance of two 
lives aged 30 and 35, is 10*948 ; which in table IV. is found to he 
the value of a single age of 51^ years nearly. Then, by rule IL, 
the value of the joint continuance of two lives, of 15 and 51 J, is 
• 9*6335, the value of an annuity of £1 on the joint continuance of 
the three given lives. The product of this by £140 is £1348*6^, 
or £1348 13 9^, the value of the given annuity. 

Rule V. Tojlnd the value of an annuity on the longest tf 
three lives ; or which is to continue^ till they are all extinct^ 
From the sum of all the values of the single. lives, found ik 
table IV. and of the value of the three jointly, found by rale 
IV. ; subtract the sum of the joint values of the lives com- 
bined two and two, by rule II. ; and multiply the remaindor 
by the given annuity. 

£xanv 6. Reijuired the present value, at 4 V cent., of a house 
and farm which ^eld a profit rent of £32 10 V annum, hdd by 
a lease of three lives, aged 35, 30, and 15^ years. 

Here, by the last example, the value of the three lives jointly is 
9*6335, and their values singly are 14*039, 14*781, and 16«791» Ai80» 
by rule IL, the value of the first and second jointly is 10*948; d 
the first and third 11*787; and of the second and third 12*246. 
From the sum of the first four of these numbers take the sum of 
the others, and the remainder, 20*2635, is the value of an annuity 



« ICbcdunrtlon of thelites nf fematei it found to be somewhat greiter Uian tbdl ^ 
males. It to inconsi»tcnt with the natureof tbia work, however, to take into CAlctt)|itii9ft. 
thkcitouoofUOCC* « i>ich in genersl produces but a slight difibreucc hi the result. 
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of £\ on the life of the longest liver of the three. This multiplied 
by ^32 10, gives for the value required, £658-56375, or £658 1 1 3^, 
Ex. 8. How much should a man pay at 5 ^ cent. V annum, 
to purchase an annuity of £320 a year to continue till himself 
aged 55, his wife aged 49, and his son aged 20, shall all be extinct? 
Answ. £5103 110^. 

Rule VI. Tojind the value of the reversion of an annuity 
q/ier the death of the present possessor : From the present 
Value of an annuity of ^1 for the entire continuance of the 
annuity, subtract the value of an annuity of £1 during the 
life of the possessor : the remainder will be the value of a 
reversion of j^l in the given circumstances, which multiply 
by the given annuity. 

If there be two or three lives, the s^me rule will serve, 
their values being used instead of the value of the single life. 

Exam. 7. If a person a^ed 47 years, possess a perpetuity of 
£500 per annum j what is its present value at 5 ^ cent, to his 
6on, who is to possess it at his death ? 

Here, the value of £1 in perpetuity is £20, and, by table IV, 
the value of an annuity of £ 1 on a life of 47 years is 10*784. Then 
20 — 10-784 = 9-216; which multiplied by £500 produces £4608, 
the value required. 

Exam. 8. A man leaves an annuity of £165 ^ annum, of 
which 30 years are yet to come, to his nephew, aged 38 years, 
during life, or till its termination ; and the reversion of it^.to a 
charitable institution, in case the nephew die beCiore the termina-^ 
tion of the annuity. How much is the present value of the re- 
version at 4 ^ cent. ? 

In this case, the present value of an annuity of £1 for 30 years, is 
by rule 11. of Annuities Certain, 17*292 ; and, by table IV. the pre- 
sent value of £1 on a life of 38 years, is 13*548. Then, 17*292 
— 13-548 = 3-744 ; and 3-744 X 165 = £617-76, or £617 15 2J, 
the value required. . 

Ex. 9. What is the present value at 5 ^ cent, of the reversion 
of a perpetuity of £400 ^ annum, not to come into possession till 
the aeath of the present incumbent aged 70, and of his intended 
guccessor aged 30? Answ. £2538 16 0. 

« Rule VII. To Jind the present value of a proposed mm 
pat/able at the decease of a person xnhose age is given : From 
the value of £1 in perpetuity, take the ^ue of an annuity 
of £1 on the life x oivide the remainder by the value of the 
perpetuity increased by a unit ; and multiply the result by 
the given sum* 



»40 LIFE ANNUITIES. 

If the present value thus found be divided by the vakie 
of the life, the quotient will be the annuity payable yearly. 

By using the value of two or three lives lound .by tlie 
preceding rules, we may apply the same rule. 

Exam. 9. How much must a person aged 32 years,' pay, at 5 
V cent., to secure to his family at his death the sum of i^lOOO? 
At 5 V cent., the perpetuity of £1 is £20, and, by table IV. 
the value of a life of 32 years, is 12'854. The difference of these 
is 7*146; and this being divided by 21, the quotient is '340286, the 
present value of jCI payable at the decease of the person. Then, 
•340286 X £1000= £340 5 8 J, the value required : and 
£340-286-f-12-854 = £26-473 = £26 9 5J, the annuity. Hence 
it appears, that at 5 V cent. V annum, if a person either at one 
payment deposit £340 5 8 J, or pay each year during life the sum 
of £26 9 5 J, his heirs at his death will be entitled to receive £1000, 

Ex. 10. At 6 V cent. W annum, how much V year, must a 
person aged 66 years, pay during life, to entitle his heirs at hk 
death to receive £1500? Answ. £128 13 10^. 

11. If a husband and his wife be each aged 45 years; how 
much V annum must be paid during the longer of the two lives, 
to entitle the family after the decease of both, to receive £4000, 
compound interest bejng allowed at 6 V cent. V" annum ? 
Answ, £75 8 5J. 

Exam 10. How much must a man, aged 39, pay per year, 
at 6 1^ cent., during his marriage, or during life, to entitle his 
wife aged 32 years, in case she survive him, to an annuity of £50 
a year during the remainder of her life ? 

By rule II., the value of the two lives jointly is 8*774, and the 
value of a life of 32 years is, by table IV., 1 1 •512. The difference 
of these, 2*738, is the present value of the reversion of an annuity 
of £1 to be paid to the wife after her husband's death, in case she 
survive hun. The product of this by £50 is £136!9, or £136 1^ 
the sum to be paid at a single pa;^ent. Let this be di^ded by 
^•774, the value of their lives jointly, the quotient £1^*603, or 
£15 12 0}, is the annual payment. Hence, if there be paid 
annually, during the joint continuance of both lives, the sum of 
£15 12 Of, or at present, in a single parent, £136 18, the 
wife, if she survive the husband, vrill be entitled to an annuity of 
£50 per annum during life. 

This solution proceeded on the supposition in regard to the 
annual payments, that the first of these was not made tiJI the end 
of the first year. If it be made at present, however, we muat di- 
vide by the value of the joint continuance increased by a unit i 
in the present case by 9-774. In this case the annual payment 
would l>e foimd to be £14 4. 
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Exam. li. If a; number of persons fortn themselves into art 
association for providing annuities of £40 ¥" annum for their 
surviving widows, and each person, at the age of 30, contribute 
£75 to the fund, and equal annual contributions during the rest of 
bis life: bow much must each of these annual contributions be, 
money being imprcYable at 6 ^cent. ^animai, and tbe \vife of 
«ach being supposed, to be at an average three years younger than 
himself? 

The vahie of a life of 27 years is 1 1*917, and tbe value of two 
lives of 27 and 30 jointly is 9*48 1. The difference of these, 2-436> 
multiplied by £40, gives for the entire sum to be paid at present, 
at a single payment, £97'44. But as only £75 are to be paid at 
present, there will still remain £22*44 to be paid by annual contri- 
butions, by dividing which by 9*481, we obtain £2 7 3} for each 
of these contributions. 

Exam. 12. Suppose that, as in tbe last question, a man aged 
30 years, pays £50 into a fund ; what annual contribution must 
he pay during life to entitle his family to an annuity, of £40 per 
afmum for^^ears after his death, intCTest being at .6 W cent ? 

The presel^t value of an annuity of £40 for 8 years at 6 ^ cent. 
is £248*3918, (by rule II. of Annuities Certain.) Then, by rule 
Vll. of this article, the present value of this sum is found to be 
£70*084 from which £50 being subtracted, the remainder, £20*084, 
is' the sum still remaining to be paid at present ; and this being 
divided by 11*682, the value of a life of 30, the quotient, 
£1 14 4^, i£ the annual ^contiibutiQB required. 
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It often happens that fractions, even when reduced to their 
iimplest forms,. are expressed in numbers inconveniently large; 
atld hence it is oflen desirable to approximate their values in 
smaller numbers. Thus, if the fraction i^tJ^, which is in its 
lowest terms, be proposed, we may wish, even for the purpose 
ot forming a more correct idea of its magnitudei to find other 
fractions, in smaller terms, which will be nearly of the same 
i^ue. The method that most naturally presents itself for this 
j^poseis to divide both terms by the smaller of them, as the 
smaller will by this means become 1, and we stiall thus be 
enabled to compare the other with that number with which the 

■ ■ ' r -; 

* Fotffttll itfformatton'reJlpectfDg the nature and ^plications ofeontinued fractions, 
•ee BoqnyitBtle's larger Treatise on Algebra, 'lAcro\x*$ Comfdhneni des Eicmens 
<r AigiSre^ Legendre's Ss$ai sur la Thiorie des Nombres, Barlow's Theory qfJhimhers^ 
liapnnpa's iddtffr'"*'' i^..t^*. >ij^fc.^«.»^ .^„^r«i other workL . Wh^t is here gxx^n 
lji.ane ^ tbe iy»ost interesting appUcationsk and one whicli cannot taW to t)e useful to the 
inore advancetl arithmetician. 

M 
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mind can most easil/ compare it in respect of magnitude. Br 

this means the fraction becomes -o^tt-* the denominator c^ which, 

being betweoi 2 and 3, we conclude that the ralue of the give o 
fraction is between ^ and ^; and therefore ^ is a first approxima- 
tion to its value, being too great. Divide again both terms of tjba 
the fraction in the denominator by 217, and it will bef^gmja 

1 
rjcT* which is between i and i. By taking i instead of ^fffi^ 

we shall have, for a second approximate value of the proposed 

fraction, --, or ^, which is too small, as insteadof fffs,we use d !a 

the denominator i^, which is greater than /iW. To contmue the:%p-^ 
proxunation still &rther, we divide botk forms of the firaction ^fi, 

by 30 : the result is =^, which b les« than ^ and greater thanj^ 

Hence, if instead of using ^ m the preceding firactioni we ote >7r 

or its equal A* we shall have for the next approximatiDa to the VH^' 

Ine of the ^en fraction ^^ or {f which is too great, foeoaus^ 
I ^" 

rr, or its equal aV, is too small, in consequence of f bring loo ' 

great; and therefore^— must be too great, since the denondnft*: 

tor is too small. By continuing the process in a similar manner^ '. . 
we find iff, ^Vtv* wd ^i^, for the succeeding fractipns» tb« - 
last of which is the eiven fraction,* and the first an approximjitefrac* ' 
tton smaller, and the second anotfaergreater, than the given filae- 
tioB. These successive fractions have the remarkable property that 
each qf them approadkes more nearfy ffum the one whkk pretedtt 
if, to the value of the ghen fraction. Thus, ^H, k neany espial' 
to i; more neartv equal to fx; more nearly equal to 4f ) ^M 
more nearl^r equal to i|f ; and, finally, more nearly stffl to t^HW 
That there is this continual approach to the true value of the fllho^ 
tiofl, will appear evident, if it be considered that in each of tbei^" 
suits in the preceding operatiods, a correction is made «a tba !!► 
Milt which goes before tt. 

The sevml converging firactions above obtained, if the 1 m|^ 
aopplementary simple firaction be rgected from each, excefNt vktfl^f 
hs numerator, like that of the rest, is a unit, nu^ be wrifttoifl^. 
full length, as follows : 

-L. ± 1 1 1 ± I . -' 

2 ' 8+-r' • T4.TX ^ • 8+T4-1. I ' 
5 2 + 5+7* ^^+-J-^ 



• If thtgiren (iracClon be finite, Uie lutoT the oonreigiiit ftaeHoM wB d««tfl^ 
•qitti to tt, M io this example. 
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1& this form they ate called continued fractions. It appears, (here- 
fbre, that a CONTnrt/ED fraction isthat whichhasfor its denominator 
^ipkole number with afinction annexed^ whkh frati^an hat alsojm' 
ti$ denominator a whole number with a fraction annexed^ the denomi" 
ia^or if which latter fraction is also a u^ole number with a fraction ; 
and so on, however far thefivcOot^ meof he continued / and each nu- 
merator is a unit* 

it ^11 be seen by a review of the preceding processes, that the 
denominators of the continued fraction are the qiiotients which 
would be found in using the rule given in page 89, for finding the 
greatest common measure'. Hence, we have the following rule : 

B^tfUt L To ootwert a ghfen ms/jple frm^m into a conthmedfrac- 
tionz Divide the ^eater term by the less, the less by the remain* 
der, 3ic. as in finding the greatest common measure : the quotients 
M^ be the denominators of the several fractions in the continued 
fraction, and the numerator of each will be a unit. 

The successive fractions which approach continually to the var 
lue of a given fraction expressed in large numbers, may be found 
by reducing it to a continued fraction, and Derating in tihe^way 
already 'employed in approximating the value otH^ : the f(4lQwing 
inethod|r however, will be found ;nuch preferable. . . i; i. ^ 

. .BucE IL " Afraetim ejtpressed by m great tntmberofJigurH^bd^ 
i9g given, to find all the fractions in less terms, whkh approctek St 
ntar the truths that it is impossible to approach nearer without employ^ 
iMg greater teryns :" Reduce the proposed fraction to a eoniijhi^ 
KS^e, or at least find the quotients, by the preceding problem* Then 
write the several quotients in a Ime ; and if the given fraction be 
greater than a unit, take the first quotient as the numerator, and 
ajinit as the denomin^s^, of the first fraction, which set below 
the seoond^ quotient i but If the given fraction be less than a unit,' 
make the first quotient the denominator, and a unittbe numerator 
•f dw first firaction. Then, for the second fraction, multiply both 
the terms of the first by the quotient which stands above it, and 
add H unit to tiie product of that term which was the first quo* 
tient : the result is the second fraction, which is to be set below 
the third quotient. To find the succeeding fi*action8, multiply the 
terms jof each fi^action, when found by the quotient, which stands 
above it, andto tte products add Beparatdy the terms of the pre- 
cedii^'fraction. 

. £xam. 1. The height of SlieyeDonard,in county Down, is 2654 

. ■ J ■ 'A. ■ ■ ^ ' ■ I ■ 

" • tt i« not eiseatUl to the hitture of continaed flractiooi that each numerator bt: a 
«Bit s but fimetUNU of this kind only are uied ai inftnuoMats of calculation. 

M2 
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feet, and that of Ben Lomond 3262 feet : it is required to find a 
series of converging fractions, expressing as nearly as possible Uie 
ratio of the heights of these mountains. 

Here the fraction expressing the 1327)1631(1 

height of Slieve Donard in relation to 

that of Ben Lomond, is f flf , or, in its 304)1327(4 

lowest terms, \^l\, and the quotients 1216 

found in the manner shown in the ._ 

margin, are I, 4, 2, 1, 2, 1, 4, 1, 4: 111)304(2 

consequently the continued fraction is &c. 






The successive converging fi*action8 will be found thus : 
1421214 1 4 

h h A, H, n, ih w, 2H, mh 

Here, the quotients, or denominators, being arranged in succeo- 
sion, we take for the denominator of the first fraction, 1, the first 
quotient, and we make its nimierator 1 also. Then, by multiply- 
ing both terms by 4, the quotient which stands above them, and 
adding 1 to the product resulting from the denominator, because 
it was the first quotient, we obtain J, for the second fraction. We 
then multiply 4. by 2, the figure above at, and add to the product 
the preceding numerator ; and we multiply 5 by 2, and add to the 
product the preceding denominator ; and thus we obtain ^ for the 
third fraction. We next multiply die terms of this fitu:tion by 1, 
and add to the results 4 and 5 severally : we thus find the next 
fraction to be \%. In this way, pgecting the first fraction, |, 
which is evidently far from the truth, we. find that the height of 
Slieve Donard is nearly | that of Ben Lomond; more nearly ^ 

it : still more nearly, if ; more nearly still, H> &c. ; f beix^ 
too small, ^ too great, i| too small, ff too great, &c.* 

E <am. 2. The circumference of the circle whose diameter h 1, 
is found to be greater than 3-1415926, but less than S-HISS*??: 



* Thus, I of 3Sm=aB09^ i ^ of a96e=S6n8^; ff 0t3SBS=3fini ; f^of »Ge=: 
S655 A- ; ^ of S£62=265Sf|^* which «te evidently approaching £654^ the true value, be. 
ing altemateV greater and ie88<— It m^ be obserred, that in all caaes, the error of Mlh 
fraction ta a less part of the integer than auiflt divided by the product of iuownand tlw 
fuoceeding denominator ; but a greater port than a* unit divided by the product ei ita 
own denominator, and the sum of that and the succeeding denominator. Tbus, ha tb« 

preceding example, the error of ^ is lew than-g-jjxSflSJ, but greater than --^^ 
X9B88. ^ 
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required the series of fractions converging to the ratio of the cir- 
cumference and the diameter. 

In questions like this, in which one term of the fraction or ratio 
is not precisely given, but is contained between given limits, as 
when one of the terms is an infinite decimal, it is proper to work 
for the quotients by both limits, and to use those only which result 
from both. Thus, in the proposed exercise, by dividing 3*1415926 
by 1 '0000000, this divisor by the remainder, <&c. and by proceed- 
ing in like manner with 3*1415987, we find in both cases, the quo- 
tients 3, 7, 15, 1, after which the quotients would be different, and 
are therefore not to be used. Henee 
the converging fractions are found as in 3 7 15 1 
the margin. f, V, Hi, iff, 

It appears, therefore, that the diame^ 
ter of a circle is to its circumference 

nearly as 1 to 3; more nearly, as 7 to 22; more nearly again, as 
106 to 333; and still more nearly, as 113 to 355. The degree of 
approximation of each of these to the gjven ratio, will be discover- 
ed by dividing the first term of each by the second. In this way 
the last gives 3* 14 159292, which exceeds the truth by less than a 
ten-millionth part of the circumference. Had the circumference 
been taken to a greater number of places, fsee note, page 1 12,) 
the succeeding fractions would have been found to be 'sVift?^, 

Exam. S. Let it be required to approximate the ratio of 
1-41421* to 1. 

Here the quotients are found to i i 1 i 

be 1, 2, 2, 2, 2, &c. and consequently ^ "2'-4- — J^ i 
the continued fraction the same as in 2 + "g"-!. — ^^ 

the margin. The converging fractions ^ " ^+ 

also are thus found ; ^^• 

12 2 2 2 2 

Ex. 1. The height of mount Etna is 10963 feet, and that of 
.mount Vesuvius 3900 feet; required the approximate ratios of th eir 
heights. Amw. ^, |, /r, H, ^t, ^A» iU- 

■ 2 The height of mount Hecla is 4900 feet, and that of mount 
Perdu, the behest of the Pyrenees, 11,283 feet : required the ap- 
proximate ratios of their heights, .^wtf. ^, ^f, ^, ^, y^\, &c. 

3 Find the approximate ratios of 1 and 3*6055513, (that is, >f 1 
to the square root of 13.) 4nMw. ^ i, ^, T*r, i\> ViV> t^> ^9 '"^^• 

4. Required the series of ratios approaching the ratio of Englsh 
and Irish acres. Aniw. h h f, I, h iV. H. I?, Uh 

5. The weights of equal bulks of pure water and fluid mercury 



• lIUs U the aquare root oC S» which therefore is txprened bj a unit, with a csootiimed 
ftaction^ each of wh«tc denomiaatari i* 9. Uence 4te Xmction tnay be coniinurd with. 
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are as ] to V^b6S ; required the series of fractioiis conTcrgp^tQ 
this ratio. Answ. i^,^, i^, ihf ift^> A^> tWV* * 

6 It has been computed, that between the years 1696 and 180Q» 
the vahie of money decreased so much^ thp^ in the former Veir 
£\ would have procured as much of' th^ necessaries of Bte„^ 
£2 7 1 1 in the latter. Required the series of fractions tippr<m^ 
ing to the latio of the yalues of money at these periods. AMnu^ |, 



ON ARITHMETICAL SCALES. 

The system of notation for which we are indd)ted to the Arabi- 
ans, and which has been employed and exemplified in the precediiig 
pages, proceeds according to the combinations of the number ten, 
and is such as to correspond to the names given to numerals in 
almost all languages. The language oi every civilized nation, aii- 
cient or modem, furnishes names for tm tunes ten, and for ten 
*^imes that product : but none of them furnishes distinct names, of 
genera! use, for the powers of seven, eight, twelve, &c.; these, as 
well as other numbers which are not powers of ten, beti^ denomi- 
nated from a combination of the names of the powers often, wf^ 
the names of units,* when necessary. Thus, for the second power 
of eleven we have no distinct name, but we call it one hundred add 
twetay one, that is, ihe second power of ten wWi kmce ten, and one 
unit: and the third power of fifteen we call three ihautdnd, three 
hundred, and tevenfyfive; that is, three timet ihe third power <^ TEH, 
three timet the teamd power of ten, teven tens, and five umtt. In 
like manner, in the natural succession of numbers, the first after 
one hundred, is caUed one hundred and one, the next one hundred 
and two, &c., no new names being given, but merely combinatioiSs 
of those previously formed. 

This remarkable agreement in the numerical language of almost 
ail nations, seems evidently to arise from the use that is made of 
the fingers in arithmetical computations, in the ruder periods of 
society, and very generally by those who have not been instructed 
in better modes of calculation. Such persons, in counting a nuaw 
her of objects, would naturally distribute them into parcels, each 
consisting of ten, from the number of the fingers employed in t'ecfc- 

out limit, tbo law^fcootiiiuatioD being numlfett; 

which is not the case when the /oot is c 

dednuUIf. The ume holds respecting the • 

root of every number which is not a squjure. 

Thus, the square roou of 11 and S5 are expressed ^jg^^x 1 j 

by the continued feaelloBS in ihe margin, the , _^ -j^;* , -JL i 

law ot continuation in each of which is mani* 1 -t- 1 4. Ac;. 

fe*t. 

e The mathematical reader wUllcnow, that tile number oiitf may be regtfdiM m Vtti 
power of ten (or indeed oCany niratber) whose index is aera 



g manifest: ^^t-g*. 1 1 

sexpressed ^^'^^'+4- 1 1^ 

; the square ^-^ ^ ^ 
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omng them : and, if the number of these parcels shpuld be great, 
it would be natural, in ascertaining their number, to form them into 
larger oarcels, each containing ten of the smaller ; and it is easy 
to aee how this principle would be extended to the numeration 
pf any number or objects however great. It is also evident^ that 
jvhen names would be invented, by some process pf formation now 
unknown, for all the numbers so far as ten, and also for the powers 
4>f ten, the names of all other numbers would be obtained by a pro- 
per combination of these. Thu^, the number eleven might be 
called one and ten ; twelve, two and ten ; thirteen, three and ten ; 
twenty, two tern; thirty, three tenty Sec. : and we find this method 
of denominating numbers' strictly followed, except in some of the 
smaller numbers, such as eleven, twelve, twenty, sixty, &c. which, 
from their frequent use, have been more liable to have their names 
corrupted and altered^ but which, when their derivations can be 
discovered, are always found to be formed on correct anological 
principles, according to the foregoing explanation. 

Of the advantages and excellence of this system of notation we 
can scarcely be duly sensible. Instructed in its use from the 
earliest lessons we receive in Arithmetic; never comparing it, 
or comparing it but slightly, with other modes of expressing num- 
bers by characters ; and finding no deficiency, no need of im- 
provement, nothing to call our thoughts to the sutnect, we uae it 
without feeling its superiority, and with a very inadequate Idea of 
its power. We do not reflect, that merely by means of the difler- 
eat positions and combinadons of no more than ten simple cha- 
racters, we can adequately and correctly express any number, how- 
ever great. With the ^pman, or even with the Greek notation, 
^ on the contrary, we find it impossible to express numbers that ex- 
( ceed a certain magnitude: and, even v[ere additional characters 
formed to supply this defect, we would find, that calculations, 
which ^e penormed with^reat facility and despatch by the dieci- 
mal notation, would, by either the Gr&dL or Roman sptem, be ex- 
cessively tedious and intricate, while the performance of many 
others would be almost impracticable. 

But, though the decimal system of notation has so far the ad- 
vantage over these and all other systems not depending on the 
same principle, we must not conclude, that no other system of 
equal excdlence could be invented. There may be an indefinite 
number of systems of notation founded on the same principle, and 
possessing various degrees of excellence. In the decimal nota- 
tion, we distribute numbers into class^ or parcels of ten each ; 
these classes again into higher classes, each containing ten of the 
lower ; these into still hi^er i^asses, each containing ten classes 
of the second order, and so on, till the numbers are exhausted, 
^t if we proceed still in the same manner, only making^ the 
elasse* consist of two^ instead of ten^ each, we have the binary 
Bcale of notation, in- which only the <iiio characters, 1 and 0, are 
requisite for expressing all numbers : and if the classes be mad« 
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to consist of titree each,, we have the ternary sc»W in which «mfy 
three characters, 1, 2, 0, are requisite. In the^ siwwe anauD^^ it 
is obvious we may have a quaternary, quinaryy duodecimal, irigem- 
mdy sexagesimal, centesimal, or any other scale, by merely taKing 
4, 5, 12, 30, 60, 100, or any other assigned number, as the iminber 
contained in each class.- This number may be called the radije, 
ROOT, or OiVSE, of the system; and it is obvious, that in each system 
there will be as many distinct characters required, as there aee 
units in the rtKiix. Thus, in the decimal scale ten characters ^are 
necessary, but in the duodecimal twelve would be re^ured, whidb 
number would be made up by adding to the characters at present 
in use, two others to denote ten and eleven. 

In what follows, D will be used to denpte ten, and h to deaotK 
eleven;'^ and, in the duodecimal scale, twelve will of course be 
written 10. 

Hence, to express a given number in anif a^aigned scale : DwiHe 
the given number by tlie radix of the scale ; divide the result also Sy the 
raSjc, dnd the result arising from this again by the radip. Cofdinue 
the divhioj} in this maimer as long as poasihley and to tlie final quotient 
annex the several remainders in 
a retrograde order, placing d- l9^509835 

phfrs where there is no remainder, "^ 

Thus, the expression of 59*^835 TT^ITIT^ 1 1 

in the decimal scale, will be U^^J^ " 

2470DH in the duodecimal scale, i vu 1 1 f> 10 

as will appear from the annexed Z_ 

operation. " 

Here it is evident, that by ^_ " 

dividing the given number by ^ovoq » 

12, it is distributed into 49402 '"^^fl 

classes each containing 1^, with ^ ^ 

:he remainder 11. By the se^ 

eond division by 12, these 

classes are distributed into 4116 classes, each containing 12 times 
12, or the second power of 12, with a remainder of 10 of the for- 
mer classes, each containing 12. By the third operation, the 
classes last found are distributed into 343 classes, each contaiping 
12 of the latter, which were each the second power of 12, and 
therefore these are each the third power of 12 ; and the remainder 
is 0. In like manner, the next quotient expresses 28 tunes the 
fourth power of 12, and the reraamder, 7 times the third power of 
12; and the final quotient expresses twice the fifth power of 12. 
with a remainder of 4 times the fourth pov/er of 12. Hence the 

« Thete chatucten , which may serre the Intended purpose a» well m Miy others in the 
few iBctances va which they will be employed in what fu)iow»» may k)e easily recoUectad 
by conceiving the fix«t to be formed by lunning together 1 aiid 0, ihe chftracten which 
express 10 in the common nutaiicn «d<? by joining ivith a \iuit I aiiU 1. uLkh cxpttit 
ek»«a. 
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aven number is analysed into 2Xl2'^+^Xl2*+'7X^^' + 
X 1 JJ* + 10 X 12+ n,or 2470DH, according to the notation above 
adopted. 

U will be easily found by proceeding in the same manner, that 
for seven thousand, eight hundred, and fifty four, the expression 
in the binary scale will be 111101010^10; in the teniaty, 
101202220 J in the quatemart/, 1322232; in the qtdnary, ^22404; 
in the senary^ 100210; in the septe7iaryy 31620; in the octary^ 
i72dt>; in the nonary, 11686; in the denary or decimal, 7854; in 
the undendry or undecimaly 59d0 ; in the duodenary or duodecimal, 
466(6; in the vigesimal, or that whose radix is twenty, (19) (12) (14); 
in the trigesimal (radix thirty), 8(21X24);. in the quiiiquag/esinutl 
(radix fifty), 374; in the sexagesiinal (vskdix sixty), 2d (54); and in 
the centesinuU (radix one hundred), (78) (54): wnere each pair of 
the figures enclosed in brackets would be represented by a single 
character, were there a sufBicient number of distinct characters 
for each scale. 

The converse of this probtem, or the reduction of a mmiber to 
t/w decimal scale from any other, will be performed by finding tlie 
values of the several digits, and collecting those values into one sum; 
or, more easily, by multiplying the left haiui digit by the radix^ and 
adding to the product the next ....,;,* 

digit; then by multiplying this sum 4503 14-2 * 

by tJie radix, and adding to the pro- ^r > , , 

duct the next digit, and so on tUl all J| 

the digits shall have been employed,^ ^^ 

Thus, 4503142 in thesenary scale ^ 

is equivalent to 4 X6«+ 5X6*+ 
0X6*+3X6» + 1X6« + 4X Ti^T 

6 + 2, or 226214; which result ^ '* 

will be obtained more easily by ^ 

the operation in the margin. . .^,„ 

Thus it appears that the deci- r 

mal scale is only one out of _ 

many on the same principle; and, ^a_ 

upon due consideration, it will4)e 7^ 

found not to be the best scale 
that might be adopted. It does v 37'-n9 

not suit the plan or the limits of 
the present wcrk.to a4d i^ch to 
what has been said on 'this curi- 
ous and interesting subject |?or 
farther information, recourse m^y 
be had to various works, especially to Professor Leslie*3 Philo- 
sopby of Arithmetic, to Mr. Anderson's Treatise on Arithmetic 
in the Edinburgh Encyclopaedia, and Barlow's Theory of >k'um- 

« It ii Msrcely necesiary to remark, that both thit rule and the preoedin^ are th« 
MVft Id priDoipte, a* the ruie« for the reduction of quai^itie* of difitoeut deDOininati«»K 

M3 
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ber9. it may be sufficient to observe} that the birmr^ is chMjr 
important from its unfolding some curious properties of numbeMi; 
that from its employing no character of higher value than a unit, 
operations would be performed by it, though tediously, yet Wilk 
great facility, and with little exertion of memory : but an insu- 
perable obstacle to the general use of this scale, is that in ex- 
pressing numbers^ the characters 1 and U, must genentliy be re- 
peated a great number of times. The same advantages, and the 
same disadvantages belrng, but in a less d^ree> to the Unary^ 
scale, and in a still less o -gree to the quatemaiy. The qumatff^ 
septenary, and undenaty, ali labour under the disadvantage of liav- 
ing their bases prime numbers, and of thus giving origin to aigtMt 
number of interminate fractions.* The odary and mmtiry scides 
are not so objectionable on this account, but they hi^e no ad- 
vantage of a aifferent kind to recommend them* l^e decimal 
scale does not give origin to so many interminate fractiOdil -to 
either of the latter, and hus besides the advantage^ of exprnMRig 
numbers more concisely. The senary and duodenary scales, hftVJng 
each so man v integral aliquot parts m proportion to their magni« 
tudes, and those of so convenient a kind, give origin to so nimeh 
i^ewer interminate fractions, than any of the above mentlom^. 
The radix of the senary scale is so small however, that numlkm 
are nf>t axEm^^cd by it with sufficient conciseness, — en objection 
which does not appJy to the duodenary. The latter thereiore, for 
this and otbcr_rciJsi)n8, is much preferable to any ether scale that 
could be adopljed. To introduce this scale now, however, when 
men are accustomed to the decimal scale ; when the languages of 
atl civilLz^d nations are suited to it ; and when so many valuable 
works, particularly tables, in which it is adopted, would be ren- 
dered comparadvely useless, would be unadviseable, and perhaps 
impracticable: but we must regret that the decimal scale was 
adopted at a time, when any other scale might have been intro- 
duced with equal facility. 

The following exercises are annexed for the use of those who 
may wish to far^iarize themselves with this subject : 

Ex. 1. Reduce 1000000 in the decimal scale, to the ternary scale, 
and also to the nonary. Ansv. 1,?12,2.M),202,001, and l,78S,66t» 

2. Reduce 1000000 in the quaternary scale, to the denary and 
binary scales, iliww. 4096; and 1,000,000,000,000. 

3. Reduce 123454321 in the sentlry scale, to the duodenary 
scale. Answ. 987,3d 1. 

4. How will 476897 in the dechna! scale, be expressed in the 
duodecimal scale ? Answ, 1dh,u95. 

5. How w31 6666 Hi the decimal scale, be expressed in ^e bi- 
nary and quinary scales ? Answ» 1,101,000,001^010 ; and 1^131. 

. • Th«t ia, fiilniUMte fractiom having for tbeir denominators Hhe, tmSSx of dM 
or lu fovert, auob « incerrainMe dcciinato in ih« oomrooo umIc 
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. ¥< Reduoe 13579 in the <iuodeciiDal 8C(iie> to the unUeciiual 
€$^e. ^iutif»'L90i>3. 

: 7. Express ttinehuncfcred and three pounds, eighteen shilling^ 
•od deren penoe^ in the quinary scale* Amw. £12,103 33 21^^. . 



QUESTIONS WITH THEIR SOLUTIONS.* 

L What number taken from the square of 46, will leave 16 
1 54? 

iSaAi<ioft.—46< 22304, and 54Xl63s864; then 8304--864=7 
1 440, the answer. 

2. Divide j6100e between A, B, and C, and give A j£120 more 
than C, and C £95 more than B. 

, SoL A's share is evidently to be 2 1 5 (= 1 20 -{- 95) more than B's : 
therefore 1000—215—95=690; and 690-4-3=; je230=:B*s share. 
^Bence, 8^+95=^6325, C's share; and 325+ 120= £445, A's 
share. 

3* A &ther left to his eldest son 4i of his^ property, to his se- 
cond ^ of the remainder, and to his third son what was left. 
.What was the share of each, the shares of the first and second 
difieringby je500? * i 

iShoA-HI of ffr=Hii» the part of the whole property belonging 
to the second soa. Then, «-4-HH=<Hl, and 1— mi=iit?, 
the part of the voungest. Also f} — Hii=)fH> the difiference 
of the parts of tW ^t and second. Then, as |f }} : f^, or as 
2251 : 3476 : : ^6500 : je772,Wr» the share of the eldest : as 2251 r 
1225 : : £500 : £272^^, the share of the second : and as 2251 : 
1540 : : £500 : £U2^^, the share of the thi^d* 

4. A gets £4 of a legacy for £3 that B get^, aqd C £5 for £6 
that B f^ets, and A's share is £5000. What is the whole legacy ? 

iSo^— As £3 : £6 : : £4 : £8, A's part, when B gets £6, and 
C £5. Then as 8 : 8-f-6+5 : : £5000 . £11875, the wbole legacy. 

5. A person possessed of } of a ship, sold } of his share for 
£ 1260. What IS the value 6f the whole ship at the same rate? 

^SU —I of }=:^; and as 4 : 1 : : £1260 : £5040, the answer. 

*6. A person bemg asked tne hour of the da^ said, that the time 

patt noon was ( of the time till noidnight what was the hour ? 

&iL-*-As l-f-^ : t, or as ^ : 4 : : 12 hours : 5. hours, 20 minutes; 

and therefore the time was ^ unaiites past 5 o'clock in the after- 

AOOO. 

7. A, B, and C purchase a ship ; A pays ^, B ^, and C £'^000, 
tlw coaL What are the sums pmd by A and B? 

• Tb«te qtiotioat are idoeted from Tariout authori. T1)eir solutions are annexed for 

ifminirpoaeef ihovingtbeBiare advanced student, how tbeyand ihailtr arubmemat 

. qmsfDons may be retohred. They will be found uieAil in preparing the pupil for work.i^ 

t|ie atrial of questions that follow them, and for reiolvinc tnj of the more d:tUuii 

<|uestkms that soajr be proposed for resolution by common Anthncor. 
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Sol.'-^+^^%h WKl 1— *l=li, C's part. Then, as fi : |, or 
as 31 : 14 : : £2000 : 4:903y\ ; the part paid by Aj aod as |i : f, 
or 31 : 18 : : £2000 : £1161,^, the p^rt paid ly B. 
I 8. Requined the stocks of A and B, A's gain being £160, an4 
B's £130, and A's stock £175 more than B's. 

5o/.--£160— .£130=£30. Then, as £30 : £175 : : £160 : 
£933i, A*s stock; and as £30 : £175 : : £130 : £758^, B^s 

9. A's stock £240, ,B*s £210 ; whole, gain £120, and C's part 
of it £30. Required A*s and B*s gains, and C's stock. 

iSfo/,— £120— £30:;=£90, the sum of A's and B's gains; also 
£240+£2r0z=£450, the sum of their stocks. Then, as £450 : 
£90, or 5 : 1 : : £240 : £48, A's gain; as 5:1:: £210 : £42, B'« 
gain; and as 1 : 5 : : £30 : £150, C's stock. : 

10. A gains £12 in 6 months, ^ £15 in 5 months, and C £21 
in 9 months. What is the whole stock, C's part of it being £40? 

Sol, — In compound fellowship the gains are proportional to the 
products of the stocks and times ; and, conversely, the stocks are 
proportional to the quotients obtained by dividing the gains by the 
times. Hence, as V : V + V + V : : -^40 : £125^, the whole 
stock.— A's stock would be found thus : as V • V*> o^ ^ ^i • ^» 
or as 7 : 6 : : £40 : £34^. 

11. A and B. gain £13 10, B and C £12 12, and Aand C 
£ 1 1 16 6. What is the cain of each ? 

Sol. — From £18 19 3, half the sum of the given racHJies, which 
'is evid^[itly equal to the gains of all the three, take £12 12, and 
Aere will, remain £6 7 3, A's part. In like manner, £18 19 3 
—£11 16 6=£7 2 9, B's share; and £18 19 3— £13 10z=£5 9 3, 
Cs share. ^. 

12. If A can ^lo a piece of work in 10 days, and B in 13; in 
what time will both do it, at the same rate ? 

Sol. — In one day A does ^ and B tV o^ the work ; therefore 
both together do in one day TV+TV=TViy o^ it* Hence, as ^^ 
of the work : 1, the whole work ; or as 23 : 130 : : I day : 5 J| 
days, the time required. It appears from this work, that the 
answer will. be found by dividing the product of 10 and 13. by 
their sum. * 

13. A, B, and C, can trench a field in 12 dayi^B,- C, and D, 
in 14 days; C, D, and A, in 15 days; and X>^A|ii|S B, in 18 
days. In what time will it be done by all of ^icin lo^ber, and 
by each of them singly ? 

Sol, — In one day. A, B,aiidC, wifl do -^ of die whole work 
B, C, and p, i^f ; C, D, and A, t^ ; and D, A, and B, ^. Lee 
these fractions be added together, and the sum, TW?r> is the i)art 
done hy all working 3 days, since in each of the three parts, j\, 
1*5, and T*ff, of the whole work, there is one day's work of JA; 
in each of the three parts, ^\, t^, and 1*5, one day's work of B> Jk^. 
Dividing the sum by 3, therefore, we have /tVxj, the part done hv 
all four in one day. Hence, as ^^ of the work : 1, the whole 
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ffork ; or an 349 : 3780 : : 1 clay : lOf ^^ days, the time in which 
it would be performed by all of them working together. Now, from 
aWcr* the part done by A, B, C, and D, take ^, the part done by 
B, C, and D, and the remainder ^^f^y, is the part done in one day 
by A. Then, as y^f ^ : 1, or as 79 : 3780 : : 1 day : 47*^ days, 
the time in which the work would be finished by A alone. By 
proceedings in the same manner, we should find, that B would 
perform it 38^f days ; C in 27^^^ ^^Y^ > ^^^ D in 1 1 1-^ days. 

14. A and B,at theopposite extremities of a wood 135 fathoms 
in compass, begin to go round it the same way at the same time; 
A at the rate of 1 1 fathoms^in 2 minutes, and B of 17 fathoms in 
3 minutes. How many rounds will each make, before the one will 
overtake the other ? 

Sol, — As 2 minutes :,3 minutes : : 1.1 fathoms : 16^ fathoms, 
the space gone by A in tliree minutes. Hence it appears, that B, 
in gomg 17 fathoms, gains ^ fathom on A; and the object of the 
question being to find how many rouiuls he will make in gaining 
half a round, we have this analogy; as ^ fathom : 17 fathoms : : ^ 
round : 17 rohnds, the space to be gone over by B: consequently 
A will make 16^ rounds. 

15. Suppose A) B, and C, to start from the same point, and to 
travel in the same direction, about an island 73 miles in compass, 
A at the rate of 6, B of 10, and C of 16 miles per liaLy: in what 
time will they be next together ? 

Sol, — Since B gains 4 miles each day on A, as 4 miles : 73 
miles : : 1 day : 184 days, the time in which B would gain a round 
on A, or in which tliese two would first be together again. Also, 
as 6 miles, the space gained each day by C on B : 73 miles : : I 
day : I'd^ days, the time in which B and C will first be togethe?,. 
Now the least common multiple of 18^ and 12^, which are both 
divisible by 6^, is readily found to be 3G^^ the number of days 
required. 

16'. A person remarked that when be counted over his basket of 
nuts two by two, three by three, four by four> five by five, or six 
by isix, there was one remaining ; but when he counted them by 
sevens there was no remainder. How many had he ? 

Sol. — The least common multiple of 2, 3, 4, 5, and 6, being 60, 
it is evident, that if 6 1 were divisible by 7, it would answer the 
conditions of the question. This not being the case, however, let 
60 X 24. 1, 60 X 34- 1, 60 X 4-+ 1, &c. be tried succesMvely, and 
it will be found that 301=60 X 5+ 1, is divisible by 7 ; and con- 
sequently this number answers the conditions of the question. If 
to this we add 420, the least common multiple of 2, 3, 4, 5, 6, and 
7„ the sum, 721, will be another answer; and by adding perpetii- 
ally 420, we may find as many answers as we please. 

17. At what time, between twelve and one o'clock, do the hour 
and minute hands of a common clock or watch, point in direitions 
exactly opposite ? 
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Sol.'^TbiB ia the aamcLas to fincl io what time after twelre, at 
^hich tiine the hands are together, the minute hand will have 
gained half a rouad on the hour hand. Now it is evident, thc^tnn 
Is hours the minute hand giuns eleven rounds ; and conseqoeoij^ 
one round is gained in the eleventh part of 12 hours, and baifjj$b 
round in half that time, or the elevenm part of 6 hours ; tha|r ia^in 
32^ minutes. The time required, thereforei is 32-^ minuteo a&^ 
twelve o'clock. . , 

18. If one ship, containing 150 hogdieads of wine, pay for 1$^ 
M the Sound, the value of 2 hogsheads wanting ^6 ; and 9^glhffy 
containing 240 hogsheads, pay at th^ same rate^ the value pCj2 
Hogsheads, and ^18 besidea; what is the value of the win^lP 
hogshead? ,^y 

Sol.^The tolls must evidently be in the raOo of 150 to 244^191 
of 5 to 8. Hence the value of 2 hogsheads less by £6i, mu$t W 
to the value of 2 hogsheads together with j8I8, — 6r« the b^l^^j^ 
each being taken, the value of 1 hp^head wanting ^3, inust b^ to 
. the value of 1 hogshead together with £9, as 5 to & f of tl^^pri^ 
lue of 1 h(^shead with | of £9, therefore, must be equal tp tjb^ 
value of 1 hogshead wanting £3; that is, | of the value of I bc^ 
head, with £5^, must be. equal to the value of 1 hogshead wapf^ 
ing £3. Hence, £5% must be equal to | of the value of 1 h^^ 
he^ wanting \£3: and coQsequently I of the value of a hogshead 
must be equal to ^€8*. Hence, as } hhd. : 1 hhd. . : je3| i.4^ 
the value of 1 hogshead. . „^ 

19. If 3 men, or 4 women, can do a piece of work in 56 clays, 
in Inrhat time will one man and one woman together, perform it? - 

SoL — In 56 days, one man will do i, and one woman j of tbe 
work ; and consequently, in the same time, one man and one jro- 
man will do }+ J» ^^ A» of the work. Hence, asYff of the wcrks 
I, the whole work : : 56 days : 96 days, the time required. 

20. If 7 gallons of brandy cost as much as 9^l6ns of nuz^isHl 
9 gallons of rum as much as 12 gallons of geneva, and the price of 
3 gallons of diese, taking 1 of each kind, wa« ^226; what was 
the value of each W gallon ? 

Sol. — It &ppeAn from the question, that the prices of I galkm 
of brandy, 1 of rum, and I of geneva are as \, ^,and ^; whence, by 
reducing these fractions to equivalent ones having a commoi^ de- 
nominator, and using the numerators, we find, for the ration ot 
the prices, 36, 28, and, 21. We have, therefore, by the method pf 
dividing into proportional parts, the following analogies: as 364- 
28-f 21, that IS, as 85 t 36 : : je2 2 6 : 18/, the value df the brandy 
^ jgallon; as 85 : 28 : : ^£2 2 6 : 14/, that of the rum; and as 
»5: 21 : ; £2 2 6 : 10/6, that of the geneva. 
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MrSCELLANEOUS QUESTIONS.* 

^ 1. If 8 person gain 8|> per cent, b^ selling applet at the me (A 
B for 6|d., hoM' much does he gain per cent, by sellitig them at the 
rtite of 3 for 2^? Answer, llfr. 

■ 2. If eggs be bought at the rate of 5 for a penny, how must they 
be Mid to gain 40 per cent. ? Aruw, At the rate of 25 fbr 7d; 

3. If 150 apples cost 9/4^, how many of them nhi^t be sold at 
the rate of 8 for aid., and how many at the rate of 3 for 2Jd., that 
the gam on the whole may be 10 per cent. ? Anstb, 90 at 3 fbr 
%^d., and 60 at 8 for 6^. 

4. A merchant engaees a clerk at- the rate of ^20 for the first 
year, £25 for the second, £30 for the third, &c., thus augmenting his 
^ary by £5 each year. How long must the cleii^ retain his situation, 
BO as to receive on the whole as much as he would have received, 
had his salary been fixed at £52 10 ^ annum? Answ. 14 years. 

'5. Three gentlemen contribute £164 5 towards the building of 
a church at the distance of 2 miles from the first, 2^ miles from 
the second, and 3^ miles from the third ; and they agree that their 
shares shall be reciprocally proportional to their distances from 
the church. How much must tney severally contribute ? Answ 
£72 9, £50 8, and £41 8. . 

6. If a person purchase pins, when therp are 18 in the row, 
which sells for a farthing, and sell them when there are only 11 
in the row, how much is his sain ^ cent.? Answ, ^3^^» 

7. A hosier sells 90 pair of stockings and gloves fbr £12 10, the 
stockings at 3/, and the ^oves at 2/6 V pair. Required the num- 
ber of each. Answ, 50 pair of stockings, and 40 pair of gloves. 

8. A son having asked his fathei^s age, the ftther replied : 
•• Your age is twelve years ; to which if five-eighths of both our 
ages be added, the sum will be equal to mine.** What was the 
father's age ? Answ, 52 years. 

* The questions oooiumd la Uiis article are intendsd to tXeieiae the adraaoed ttM. 
dent ill the use of the several rules and modes of Ofveration, exhttNted both in the tfxt 
wad ia the notes of the preceding part of this work. They are not adapted for die ina. 
joritjr of arithmetical pupils } as for their purpose they ace too diflicult, and possess loo 
Uttle practical utUtty. It is hoped, however, that, h^des aflbrding much practice in caU 
eulation, aiid in the application of the rules already del^ered, they will fbrm useful exer. 
cises for the reasoning powers of those who have ta«te or aMUty for such speculations. 
The great and principal ot))ect wifth every teacher o# Arithmetie, should be, to make his 
pupUs acquire an extensive sbA fii)staiitial praeUeat knowledge of this science, with«xit 
eoeupying their ttane«iMl attention with many pusaHng or diftcuit questions. At the 
•ame time, however, when be meets .with pupUs gf capaciiy, and of considerable proAci. 
'ency, ir nuy be very proper to direct their attention to sudi questions at are contaii>ed m 
this article. By this means he will have a Euther proof of theii'' capacity, and he' may 
toy the foundation of fUture profideney in other departments of mathematical science 

Some of the following questions may be solved perhaps most easily by Position. Thcf 
M»y off, however, be mrougkt vmtkoMi PosMkm : and the student should endeavour to do 
them without this rule, as they will thus, form a much better exercise for his thinking 
powers, and fit him in a greater degree, for solving questioos of difficulty, either m 
Arithautic, or in other departraenu of Mathematics. 
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9. The population of Great Britain was 10,820,100 in 1801, aod 
12,596,803 in 1811. Hence, it is required to find its amounts in 
1810 and 1821, the yearly increase being supposed to be propor- 
Uonal to the population. Aruw. 12,406,733 in 1810, and 14,665,^48 
in 1821. 

10. Three merchant&tering formed a joint stock of £1064, A's 
stock continues in tr^lw months, B's 8 months, C's 12 months; 
and A*s share of the flR is £114, B's £^133 4, and C*s £165. 
What was the stock oi* each? Answ. A's £456, B's £333, and 
C's £275. 

11. The stocks of three partners, X, Y, and Z, continue in trade 
8, 10, and 7 months respectively; and their respective gains are 
£115 10, £204 15, and £183 15. Hence, it is required to find 
their several stocks, the difference between those of Y and Z be- 
ing £220. Answ. X's stock £550, Y's £760, and Z's £1000. 

12. The joint sum of two series* of continual proportionals, con, 
sisting of five terms each, and having a common mean, is 80^^, and 
their ratios are 1^ and 2^. Required the series'. Amw, 2f, 3^^ 5, 
7i, 114; and |, 2, 5, 12J, and 34. 

13. If A, B, and C could pave a street in 18 days; B, C, and 
D in 20 days ; C, D, and A m 24 days ; and D, A, and B in 27 
days ; in what times would it be done by all of them tc^eiher, and 
by each of them singly? Answ, By all in 16^*^V days; by A in 
SI^Jj- days ; by B in 50|- days ; by C in 41 1^ days ; add by D ia 

noijdays. 

14. If A can reap a field in 13 days, and B in 16 days, in what 
time would both together reap it? Answ. In 7^^ days. 

15. If A and B, with C working half time, could build a wall ia 
21 days ; B and C, with D woiidng half time, in 24 days ; C arid 
D, with A working half time, in 28 days ; and D and A, with B 
working half time, in 32 days ; in what times would it be built by 
all of them together, and by each of them singly ? Answ. A would 
finish. it in 52^days ; B in 57^ days ; C in 44tV days ; D in 280 
days ; and all in 16 days. 

1 6- , X, Y, and Z can build ^^5 of a wall in 10 days ; Y, Z, and V, 
j\ of it, in 6 days ; Z, V, and X, ^ of it hi 7 days ; and V, X, 
and Y, the rwnamder of it in 9 days. Hence, it is required to find 
in what times it would by done by all of them together, and by 
each of them separately. Answ. By all in 23^^^^ days ; and by 
X, Y, Z, and V respectively, in 292iVt^^. ^HHU, ^HHlh 
and ^mm days. 

1 7, The stocks of three partners, A, B, and C, are £350, £220, 
and £250, and their eains £1 12, £88, and £120, respectively j and 
B's stock continued in trade 2 months longer than A*5. Rer 
quired the time tlie money of each continued in trade. Answ. 8, 
10, and 12 months respectively. 

18. In what arithmetical scale would five hundred and fifty four 
be expressed by 95 ? Answ, In the scale whose radix is 61. 
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19. The population of Great Britain \*aa tf,523,000 in 1700- 
T,860,000 in 1750; 10,820,100 in 1801 ; and 12,596,803 in 18u! 
Hence rt is required to find the annual rates of increase on eadi 
milHon of the population between the first and second, the second 
and third, and the third and fourth, of the above-mentioned years, 
the rate of increase at any time during each period, being sup- 
posed to be proportional to the population at that .time. Atuw. 
During the first period, 3736 ; during thSisecond, 6287 : and dur- 
ing the third, 15320. 

20. If a gallon of water were resolved into the oxygen and hy- 
drogen of which it is composed, it is required to determine the 
bulk into which it woiild thus be expanded, water being 741 times 
'heavier than an equal bulk of oxygen, and 9699 times heavier than 
an equal bulk of hydrogen. ("See exer, 5, p. 192 J Amw, The 
two gases would fill 1794|^ gallons. , 

21. The Neperian logarithm* of toy number, is to the common 
logarithm of the same number as 1 is to •4342944?8, nearly. Re-. 
quired the series of ratios converging to this ratio. Answ, 2 to 1 ; 
7 to 3 ,• 23 to 10 ; 76 to 33,- 99 to 43 ; 175,to 76 ; (or 700 to 304 ;) 
624 to 271; 3919 to 1702; 12381 to 5377; 16300 to 7079, &c. 

22. Reduce the fraction whose numerator is the square root of 
5, and denominator the square root of 1 1, to a continued fraction, 
and find the first seven of the series of fractions converging to its 
value. Answ, i,% ||, %%, Mf, f i|, and n%l, 

23. A person, in discounting a bill, at 6 per cent, per annum, 
according to the common or false method, finds that he has 6* per 
cent, pe'r anniun for his money. How long must the bill have 
been discounted before it was due? Answ. 1 year and 103 days, 
nearly. 

24. A person pays ^54 for the insurance of goods at 3| per 
cent. ; and he finds, that in case of the goods being lost, he will by 
this means be entitled to the value of the goods, the premium, of 
insurance, and £b besides. What is the value of the goods ? 
Answ, jei381. 

25. Reduce five ninths to a fraction in the septenary scale of 
notation, whose denominator in that scale may be expressed by a 
unit with as many ciphers annexed as there are figures in the nu- 
merator. 'Answ, The numerator will be '361361361, &c. or •3'61'. 

26. If a merchant each year increase his capital by a fifth part 
o£ itself, except an expenditure of £400 per annum, and at the 
end of 15 years be worth £12000 ; find, without Position, his ori- 
ginal capital. Ansiu, £2649 11. 

27. A servant draws off one gallon each day for 20 days, from 
« cask containing 10 gallons of rum, each time supplying the de- 
£ciency by the addition of a gallon of water; and then, to escaj^e 

♦ Neperian logarithms are also frequently, but improperly, called hyperbidic Voru- 
Hthm4.-.The numi>er '•(Si'i944319, &a b called the nnxiuim oi \.{iq ^y«toui of wmiiuoa 
logartthuM, 
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detection, he again draws off ISO gallons, supplying the deficiiioffyr 
each time by a gallon of rum. It is required to determine Bow 
much water still remahis in the cask. Anstn. 1-0679577 gallon^^xiir 
rather more than a gallon and half a pmt. ^ 

28. A sells a quantity of tea, which cost him £246 12, ta 9^ 
and B sdls it to C, who disposes of it for £391 1 1 10. Reqi^ed 
the prices at which A and B sold it, each of the three merouut^ 
having gained at the same rate per cent. Antw, A sold it for 
£287 14, and B for £335 13. 

29. A and B set out from the same place, and in the same di* 
ection. A travels uniformly 18 miles per day, and alter 9 <||!^ 

tiims and goes back as far as B has travelled during those 9 di^; 
he then turns again, and pursuing his journey, overtakes S^2^ 
days from the time they first set out. It is required to find ^le 
rate at which B uniformly travelled. Atutu, 10 miles per day. - 

30. A merchant every year gains 50 per cent, on his capital, bf 
which he spends £300 per annum in house and other expense 
and at the end of 4 years he finds himself possessed of a ca^^ 

4 times as great as what he bad at commencing business. Find 
his ordinal capital without using the rule of Position. Atmh, 

£2294r,V. 

31. At what time does the sun set, when the leneth of the day 
(firom sunrise till sunset) is four times the length of me moniin^ or 
evening twilight, and the evening twifight two sevenths of the nine 
from its termination till day-break ? Jfuw, At 3^ minutes piest 

5 o'clock. ' 

82. How will 13579 in the trigesimal scale, be expressed !n the 
duodedmal scale? ilnnc;. 372433. 

33. Find the first nine fractions approaching to the rati6 t>f 1 
to the cube root of 2. Answ. h h «. f »> H> ti, m, IH» ^^ 

34. Required, the approidmate ratios of the English foot to the 
French metre, and also to the toise. (See note, page 43.) An^* 
The foot to the metre, as 1 to 3, 3 to 10, 4 to 13, 7 to 23, 25 to 
82, 32 to 105, 57 to 187, 89 to 292, 146 to 479, &c. ; and the foot 
to the toise, as I to 6, 2 to 13, 3 to 19, 5 to 32, 33 to 21 1, &c.^ 

35. How will that fraction be expressed, in the decimal sca^ 
whose denominator in the octary scale is a unit with as many ci- 
(>hers annexed as there are figures in its numerator, and its nu- 
merator 644 repeated without end ? Answ. f ^. 

36. What is the difference between -^ in the quinary scale, and 
^ in the nonary scale ? Aiuw, Twenty-seven one-hundred-«nd 
thirty^thirds. 

37. What is the product o£%f m\he duodecimal scale, and ^ 
in the octary scale ? Antw. One and five-elevenths. 

38. It is required to find a sum of money, of which, in the space 
4 yeara^ the true discount, at simple interest, is £5 more at the 
rate ^6 than of 4 per cent, per annum. Amw. £89 18. 

S9. One third or a quantity of dour being sold to gain a certaia 
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,r«te per cent, one-fourth to gain twice as mncb per cent., and 
tfale remainder to gun three times as much per cent.: it is required 
t9 determine the gain per cent, on each part, the gain upon the 
whole being 20 per cent. Antw. The gains per cent, are Of, 19i, 
.sndSSf. 

40. A man travels from his own house to Bd&st in 4 dajrs, 
imd home again in 5 days, travelling each day, during the whole 
journey, one mile less than he did the preceding. Sow fiyr doee 
he live from Belfast ? Answ. 90 miles. 

. 41. What is the radix of the arithmetical scale, in which 
9(20) (12)609 in the trigesimal notation will be expressed by 
6000004? Afuw, 19. 

. 42. The men employed by a gentleman work 12 hours, the -wo- 
BMU 9 hours, and the boys 8 hours, each day : for labouiing the 
same number of hours, each man receives a half more than each 
. woman, and each woman a third more than each boy : the entire 
auin paid to all the women each day is double of the sum paid to all 
the boys ; and for every five shillings earned by all the women 
each day, twelve shillings are earned by all the men. Hence it is 
required to find the number of each class employed, the entire 
number being 59. Answ. 24 men, 20 women, and 15 boys. 

43. A man leaves to his eldest child one-fourth of his property ; 
to his second, one-fourth of the remainder, and j£350 besides ; to 
his third one-iburth of the remainder and ^975; to his youngest 
one-fourth of the remainder and j£1400.; and what still remains 
he bequeaths to his wife, whose share is found to be one-fifth of 
the whole. Hence it is required to find the value of the whole 
property. Answ. £20,000. 

44. The less of two bales of cloth is bought at the rate of 
twice as many pence per yard as it contains yards, and costs 
jc3l 2 more than the greater, which contains 4 yards for every 
3 in the less, and is bought at the rate of as many pence per yarcl 
as it contains yards. How many yards are contained in each ? 
Antw, 244 yards in the greater, and 183 in the less. 

46. It is required to find a sum of money such that its true dis- 
count for one year at 5 per cent, will be j£l more than the sum 
of the true discounts of one-half of it at 4 per cent, and the rest 
at 6 per cent. Antw. j£11575 4. 

46. A property of j£ 10,000 is left to four children whose ages 
are 6, 8, 10, and 12 years respectively ; and it is divided among 
them in such a manner, that their several shares being improved 
at 4| per cent, per annum, compound interest, they shall m have 
equal properties at the age of 21.- It is required to determine the 
«um left to each. Antw. £2180 3 4i> ^62380 16 114, £2699 17 9}, 
and £2839 2 10}. 

47. A property is left to four children, one aged 6 years, two 
aged 9 years each, and one aged 1 1 years, in such a maimer that 
all theur properties are to be equal on their coming to f^ cam- 
•pound interest being allowed at 4 per cent, pec aimum. ^w, one 
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of the twins dying before the period at which the eldest woukl be 
(^ age, his share is divided among the rest in such a njaxmer tl|at 
their properties may be still equal, when they come to age ; aiwl, 
in consequence, each is found at that period to have £ lOOC* nu>re 
than he would otherwise have had. What was the value qf the 
entire property bequeathed ? An&w. ^£7367 2 11^. 

48. A man owes a debt, to be paid in four equal instahnents at 
the end of 4, 9, 12, and 20 months respectively; and he finds thaJt, 
discount being allowed, according to the true method, at 5 ^ 
cent. ^ annum, jG750 paid at present will discharge the whole 

lebt. How much did he owe ? Jnsw, £78-^^y^<^j^. 

49. If a merchant commence trade with a capital of £5000, and 
'^'jLin so much, that, after paying all expenses, his capital, each year, 
IS increased by a tenth part of itself wanting £ 100, how much will 
he be worth at the end of 20 years ? Amw^ ^27910. 

50. A man borrows £500, and agrees to pay simple interest at 5 I?" 
cent. V annum. At the end of 1 1 months he pays one part of the 
principal with its interest; 8 months after he pays another part with 
Its interest from the time it was borrowed; and 1 1 months after that 
he pays the remainder of the principal with its interest in like man- 
ner from the time it was borrowed. What was the amount of 
each pavment, each of the two last being double of the first ? 
Answ» TTie first payment £l08|f^Jif J, and each of the others 

£2i7mm' 

51. Mercury revolves round the sun in 87 days, ?3 hours, 15 
minutes, 44 seconds, and the earth in 365 days, 6 hours, 9 minutes, 
12 seconds. Required the seven first approximate ratios of these 
periods. Aruw, i, A. sV, ih T^r, tVt, and Hi- 

52. Venus revolves round the sun in 224 days, 16 hours, 49 
minutes, 11 seconds, and the earth in the time stated in the pre- 
ceding question. Required the first eight fractions approaching 
the ratios of these periods. Amsw, |, ^, f , |, j%, f||, ^^, and 

53. 35 lbs. of tea being mixed with 20 lbs, of a better quality, 
the mixture is found to he worth 7/4 per lb. Required the value 
of each kind, the difference of their values being 1/10 1^ lb. 
Answ: 8/6 and 6/8 ^ lb. 

54. Express three hundred and fifty seven in the scale of nota- 
tion whose radix is 3J. Amw, 21 101 '^. 

55. If a person lend £7000 at 6 ^ cent. ^ aunum, compound 
interest, and allow the interest to accumulate in the hands of the 
creditor, except £240 W annum, which he lifts for family expen- 
diture; how much will the creditor owe him at the end of 16 
years? ^n^w. £11621 1 If 

56. If a fH)y read each day 2 lines more of Virgil than he did 
the day before, and find, that having read a certain quantity in 
18 days, he will read, at this rate of increase, the same quantity 
in the next 14 days; how much will he read in the whole tifn^? 
Answ. 4032 lines. 
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«Ji^ ,'r^^/^en, A and B are on a straight road, on the opno- 
site sides of a gate, and distant from it 308 yards and 277 ^Z 
respectively, and travel each towards the original station of the 

. ^••1,5°'' ^«>n^ must they walk till their distances from the 
^te wdl be equal, B travelling 2 yards, and A ^ J yards, per second? 
Answ. 1 minute, SS seconds, or 2 minutes, 15 seconds; 
^ 58. Every thing being Supposed to be as in the pfeceding ques- 
tion at what time will each be at the same distance from the ori- 
ginal station of the other, as the other is from his ? Answ. In U 
minutes after starting. * ' 

59. Suppose a person to mix 11 lbs. of tea with 5 tbs. of an in- 
fenor quality, and to gain 16 per cent, by SeHing the mixture at 7/3 
r^er lb. : it is required to determine the prime costs, when a pound 
ol the one cost a shilling more than a pound of the other 
4mw. 6/6J and 5/6J p^r m. 

(iO. If a person borrow £1100 at 6 per cent, per annum, co4n. 
pound interest, and agree to pay both principal and interest in 
eleven equal annual payments, how much must each payment be, 
the first being made at the end of the first year? Aiisiv. ^lo9 9 5^. 

64. If a farm of 84 acres be held at £ 1 7 6 per acre, on a lease 
of which 48 years are unexpired, what fine must be paid at present 
to reduce the rent to 10/ per acre during the last 30 years of the 
lease, compound interest being allowed at 6 per cent, per annum? 
Ans6f, £354 8 IIJ. ^ 

62. A man aged 45 has a jjension of £.300 a year durii^ his 
own life ; but he wishes to exchange it for another to contujue 
not only during his own life, but also during that of his wife, 
^god 40. What will this pension be, money being supposed to be 
improvable at 6 per cent, per annum, compound. interest? Ahno, 
£2^ 14 7^. 

63. Required the converging fractions approaching to the ratio 
of 5 hours, 48 minutes, 48 seconds, and 24 hours. Answ. i, ^q, 
A> iVr, and iVt- 

64. If the acting partner in a mercantile concern contribute 
£1000 to the original joint stock of the company, and annually 
increase this sum by £150 saved from his salary; to how much 
will his share of the joint stock amount, at the end of 1 1 years, 
on the supposition, that, after all expenses are paid, there is a 
clear gain of 10 per cent per annum on the entire capital ? Aruw. 
£5632 15 10. 

65. Suppose 17 gallons of spirits, at 10/6 per gallon, to be 
mixed with 7 gallons at a different price. What was the price of 
the latter per gallon, when 20 per cent, is gained by selling tne mix- 
ture at 13/ per gallon ? Answ. 1 1/7^. 

66. If a grocer mix together 13 parts of better and 7 parts of 
worse sugar, the price of the latter per cwt. being only f ot that of 
the former; what were their prime costs, if by selling 17cwt. 3qrs. 
20lbs. at £4 6 6 per cwt., he gain £12 if? Antw.The better 
£3 16 1 lHi> and the worse £3 4 liff per cwt. respectiTely. 
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'• 67. A merchant bequeaths J^IOOO among six clerks in pro- 
portion to theur salaries, and the periods they hare beld^ Ineir 
situations. Vow, one of them has neld his situation five ^ears, 
and bis nlary is 1^120; two of them four years, with salaries of 
£75 each ; and the rest two years, with salaries of £60 each. 
Required their several shares. Antw. The share of the fi^ 
.£384 12 3A; of the two next jei92 6 IH^acb; and ot HkiSr 
rest £76 18 5^ each. '^> 

68. If a shopkeeper each year double his capital, except wmb 
expenditure of ^240 per annum, and, at the end of 4 je^Ufs, 
be worth only three-fourths of his original capital ; find witho^l . 
Position, what he had at commencing trade. 
Amw. £236 I 3H. 

69. What sum ^ill amount to £1 more at simple thaif sA^ 
compound interest, in four months, at 5 per cent, per annuni ?-" 
Amw. je3699 9 2. ' 

70. Required the sum of the infiaite series, f— r\+A — iW-f* 
^^— &c. Answ.fy. ^ ' -^ 

71. Given the extremes of three numbers inharmoaicalprtipe:^^' 
tionz: 10 and 18 : required the mean. ^mm;. 12^. 

72. Given the first and second of three numbers in harmopiispd- 
proportion=70 and 126 respectively: required the third teno.^ 
Atuw. 630. 

73. Given the first, second, and third of four numbers in hAr« 
m<Kncal propartion=6^ 7, and 8 respectively : required the fi)itrtik.' 
Amw. 9{. 

74. Given the first, third, and fourth of four numbers in h^*i 
monical proportionsS, 9, and 10 respectively: requured the ,iee«^ 
cond term Answ. 5(. 

75. If a bank borrow £10,000 at 4, and employ it in discount*^ 
ing bills at 6 !r cent. V annum, and afterwards borrow money a^ 
2, and discount bills with it at 4 V cent. V annum ; how much 
must be borrowed, and so employed, in die latter case, that thtt 
pin may be the same as in the former, the bills bdng dJscounteil 
m both cases six months before they would be due? Amw, 
£10,499J4U- 
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APPENDIX, 

COHnAOttHQ 

AN INTRODUCTION TO MENSURATION. 

DEFINITlONa 
!• Am AKOXtB is the inclination of two straight lines 
which meet one another in a point, which is called the 
VERTEX of the angle : or it is the degree of their opening or 
dtfei^ence. 
. II. When one straight line 
sttodihg on another, makes ^ 

with it two angles which are % 

equal, each of these angles is ^^ 

called a right angle ; and ' 

the straight line which stands 
on thie other is said to be per- 
pendicular, or AT RIGHT ANGLES^ tO it^ Of tO be a P£R- 
PE90ICULAR to it. 

III. An OBTUSE ANGLE is great- q^ j /^ 

erthan a right angle; an acute ^ j / ^^ 

ANGLE is less than a right angle. ^^ \ / ^^ 

Aq angle 18 usually named by three l/^ 

letivrs, the middle one being placed at 3 C « D 

the vertex, and the other two some- 
where on the lines which contain the 

angle. Thus, the obtuse angle in the last diagram, may be called the 
angle ACB, or BCA,. and the acute one the angle ACDt or DCA. 
M^hen there is only one angle at the same point, k mi^ b* named by 
• ibigle letter placed at that point 

IV. Parallel straight • 

LINES are those which have ' 

e?rery where equal perpendicu- .1 

lar mstances from each other. 

V. A SURFACE, or SUPERFICIES^ has length and breadtk» 
without thickness. 

VL A BODY, or as it is often called, a solid, has 
length, breadth, and thickness, or depth. 

VII. A figure is a portion of space inclosed by one or 
more boundaries. 

• Tilt flOaO inCroductory tract on Mtnturation which !• here giroi, U Intended for 
tb§ xme ct muik pupSku rautf noihantisimm ofitt(ntmAij for a^ 
iMini^For tbit raMon, tte easiest and most vueta) parti areaelectod, and che dei> 
wmmtmtd UhMfrattona are dellTered In plain and familiar termt, rather than with a 
Heir to Mathematical precision. The rules are aUo given without demonstratloes* as 
the pupils for whom this abstract it Intended, are not supposed to have reada preparatory 
course of Mathemarica. lliose who mn wish to prosecute the sut^ect more extensirely 
anajr have recourse to the treatises of Boonycastlet Hutton, and others on thesubjeeti 
Uuttonli laifir tnadi^ In particular, ii a very estaislve and vataible irork. 
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VIII. A FIGURE in said to be equilateral, if il hjMre 
equal sides ; and equiangular, if it have equa4 angftis'. 

IX. If a figure be contaiued by three lines, it is cutl<icJ a 
'»'Ri angle ; if bv four, a quadrilatehal ; if by more than 

four, a POLYGON. 

X. An equilatend and equiangular polygon is often called 

a REGULAR POL'^ON. 

XI. Polygons of five, six, seven, eight, nine, ten, elevtd»K 
and twelve sides, are often called respectively, i^ntagows, 

HEXAGONS, HEPTAGONS, OCTAGONS, NONAGOMS, DECAGONS^ 

HENDECAGONS, and DODECAGONS. 

Xlt. A quadrilateral which has itft^ opposite sides parallel, 
is called a parallelogram : and a paralldograra which 
* has its angles right angles, is called a rectangle. 

XIII. A quadrilateral which has its sides equal, ai^-ks 
angles right andes, is termed a square ; and a quadrilatiaral 
which has its sides equal, but its angles not right angles, is 
called' a RHOMBUS. 

XIV. A quadrilateral which has two sides parallei, and 
ihe other two not, is called a trapezoid. 

XV. Any quadrilateral, except a parallelogram or trape- 
zoid, is called a trapezium. 

XVL A DIAGONAL of a figure is a line passing through 
two of its remote angles. 

XVII. A CIRCLE is a figure contained on a fiat surface, 
by one line which is called the circumference; and is 
such that all straight lines drawn to the circumference 
from a certain point within the figure, called the cewtre, 
are equal to each other. Any of those equal line^ is called 
a RADIUS : and a line drawn through the centre, and ter- 
minated both ways by the circumference, is called a dia- 
meter. Hence, a diameter is evidently double of a ra- 
dius. 

XVIII. If the ends of a thread, 
FPf, be fastened to two pins, 
F,f, fixed at a less distance asun- 
der than the length of the 
thread, and if the point of a pen 
or pencil, P, be carried round 
in sucli a manner as to ke^ the 
thread constantly stretched, the 
figure inclosed by the curve l»ne 
taus described, is called an el- 
lipse; the points F and t, wUer. the pins are fixed, are 




calkd the foci (and each of them a tocm) ; the line AB, 
drawn through the foci, and terminated both w&js by the 
curve^ is called the greater axis; and the line DB; 
drawn perpendicular to thi^ axis through its middle point, 
and terminated by the curvejlh called the less axis. 

XIX. Mensuratiok is the >method of determining by 
computation the comparative magnitudes of figures ; and 
is divided into two branches, the mensuration of surfaces, 
and the mensuration of bodies or solids. 

XX. The area of a figure is the space which it contains. 
In Mensuration, the magnitude of this space is ascertained 
by the number of times that a given space, called the mea* 
wring unit, is contained in it. 

XXI. The MEASURING tmiT which is adopted for sur- 
faces, is a square whose side is some of the common mea- 
sures of length, such as a square inchf a square foot^ a square 
yardf &c. \^See the Tqble of Square Measure , page 39.) 

MENSURATION OF SURFACESi 
Rule I. Teji7id the area of a parallelogram: Multiply its 
length by its perpendicular breadth. 

Hence, to find the area of a square, we are only to mul- 
tiply a side by itself. 

Exam. 1. Required the area of A B 

the parallelogram ABDC, the length 
AB, or CD, being 36 feet, and the 
perpendicular breath, A£, 15 feet. 



1 
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, Here the product of 3C and 15 is 540, the area in square feet. 

Exam. 2. If the length of the floor of a rectangular room be 
22 feet 6 inches, and its breadth 16 feet U inches, how many 
square feet does it contain ? 

This and similar examples, in which the dimensions are given in 
feet and inches, may be wrought in different ways. 

1. By redudne 5 mcbes and 1 1 inches each to the decimal of a 
foot, we obtain for the dimensions, 22*416^, and 16*9 16^; the pro* 
duct of which is 379*21527' square feet, or 37i>i square feet nearly, 
the area required. 

2. As a second method, by reducing the dimensions to inches, 
we obtain 269 and 203 ; the product of which is 54607 uquare 
inches, the area required : and by dividing this by 144, we get 379 
square feet, 31 square inches, a result which agrees with that found 
by the former method. 

N 



99d XFFEKBIIL 

S. <AM»>tk& mods, wkidi as perhaps prefenble to «i%er of ^hie 
precediqg, Is the raethod ofdaedecmali^or, lui it is c^ften impropeHy 
called, the method of ci«f« fiitt/%^ Feet In^ 

cation. This will be understood from S2 5 

the operation in the mamn, in ^)40ch 16 11 

we multiply successively by 16 and ' > 

il. The product of 16 and 5 ig ' 3dS ^ 

idkided by 13, and tiie remainder is 20 6 7 

aet down, and the quotient carried, 



In multiplying by 1 1, both the |>ro- 9t9 2 7 

ducts are divided by 12, and tfa« moaindera «et one ^ate towards 
the right hand. The sum of the two partial prodacts is then tiketi^ 
and the result is found to be 379 square feet, 2 twi^^^ a aqutfe 
foot, or 24; square inches, and 7 square inches ; or ^9 squareieet, 
31 square inches, as before. The answer might also be obftaned 
by multiplying by 16, and working for 1 1 inches by meaas of ali- 
tpiot parts. 

The results obtaSned by^this latter method are often called, ve^ im* 
properly,^^, inchet, and patt$j infctead of square feet, Iwelftlis of such 
feet, and square inches. Accoi^ng to this mode, the last answer would 
be read 379 feet, 3 indies, and 7 parts, it may be written, 379 f. 2* 7^. 

The multiplication of feet and inches i&%htdso be performed 
Tery sunply and easily by reducmg the feet to the duodecmial soak, 
arid then carrying for 12 in the multiplication. Tlwis, by redixK^on 
to the duodecimal scale, (see page 1d*5 

248) the dimensions in the foregoing 14'h 

example become 1d*5 and i4*H| ■*■ 

and the work indll 6ta«)d as in the 1667 

nmrgin, the answer in the duodeci 7«8 

md scale beii^ 277*87, or by re- 1d6 

diiction ta the dedmil scale, 379 __ 

feet, 2 t welfths o f a'foot , and 7 in- 277-27, or 

ches. The learner, after a little 379f. W 7^ Annver^ 

preM^ce, will periiaps prefer this method to any other. 

Exara.3. Beqtdred the area of a square field, each of whoae 
sides IS 6 chains SO JUiks. 




Here, (note 1^ pt^e 40) each side is 630 
links ; and multiplying this by itself w« ob- 
tarn for the area 396900 square links ; or 
S'969 acres, by division l)y 100,000,- whence * 

by multiplying by 4 and 40, we get for the 8'96900 

requurcd 'content 3a. 3r. 35 p. with a small- 4 

remainder. . 



3-^876 

35-040 



, £<. K Becpumk Uift aoBOoni of a^fLoid In fbrm of a pamlldo- 
ff^poy th% ]«QgltM an(i breadth og vr^ch are 12^ chains 76 Ibks, and 
9 chains 43 links. Answ. 12 acres, O.roo^, 5 peiv 

2. Given the len^ of a street =s 937 feet 6 inches andits 
(ireadthr:66 feet 8 inches ; required the cost of paving it at a|d; ^ 
sqjiare yard. Answ. £2^ 18 1I|. ^ 

3, At 9|d, V yard, required the cost Qf painting a room, the 
sonr oF the lengths of whose sides is 70 feet U) inches, and its 
height 10 feet i inch. Answ. £S 4? 5j. 

4i RaqMVfd thi^ content of sMreetangmr gavden whose length is 
98 yacds, and i^ bceadth 81 yards. Anm. I acre^ 2 perdies^ bisb 
measure; or 1 acre, 2 roods, ^^.oeccM^ 12^ yards, English mea- 
sure. 

&, What is the content bf a deal-board, 9 feet 8 inches kmg, and 
^ inches bnaad? Ahsw 6f; 10" 9n 

6. If each side of a square table be 3 feet, 10 inches, what is its 

content? Answ. Uf.8^4^. 

% 

Rule II. Tojindthe area of a triangle : Multipljf the base 
by ^e perpendicular, and t&ke half the pro4uct : or multi« 
ply one of these Ihnes by half the^ other. 

Exam. 4. Required the area of the triaiigle ACD (see the dia- 
gram page 266) whose base CD b 15 feet 4 inches» aad its perpea^ 
dicular AE, 8 feet 7 inclics. 

Here^ by the method of duo* 
dedmels already expkuned,and by 
hfl^vii^ we find fbr the area* 66 
feet, 9 twelfths of a foot, and 8[ 
inches, or Oi^ fbet, nearly. 

""65 9 8« 
Ex. 7. Base =; L3 chains %is links^ perpendiculai^a 8 ohaiae M 

links. Antw, Areas 6a. 2 r« 30 p. 
8, Base s 21 feet 7 inches, pierpendicular =s 17 feet 10 inches* 

Antw, Area= 192 f. 6'^'. 

RuLS IIL Tojmd the area tbhen the three sides are given 
{!.) Add the three ddes together, and take half the sum: 
(2.) From the half sura take the three sides severally : (3.) 
Find the continual product of the haAf sum and the three 
remainders : (4>.) Extract the square root of this product. 

Xbe area of an equilateral triaa^le may be found by mul- 
tiplying tlie squ«tre of one of the sides by *4>3S01^. 

Exum. 6. Required the area of a triangle, whose sides are 9, 
3, and 4 feet respectively. 
Uere^ half the sum of the sides is 4*6 ; and iubtnictlDfi from Uiis 



Feet 

a 


In. 

7 


122 
8 


8 
11 4 


^iSl 


■ 7 4 
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the three sides successtrely, we find the three remainders 13*5,1*5, 
and S.. Then 45 X 2'5 X 1'5X '5 = 8-4375 ; and ^ 8-4375i£^ 
2-9047375, the area requir^ 

fix. 9, Sides, 9 chfdns 62 links ; 6 chains 38 links ; and 7 duu|W 
20 links. Amw. Area, 2 acres, 1 rood, 7^ perches, nearly. 

10. Sides, 13, 14, and* 15 feet. Answ. Area, 84 feet, or 9 J yards. 

11. Sides, 3 feet 8 inches ; 4 feet 7 inches; and 6 feet 5 inches^ 
Answ. Area, 8-233 feet. 

RuLB IV. To find the area of a trapezoid .• Multiply tlie 
sum of the parallel sides by the perpendicular breadth of 
the figure, and take half the product. 

Ex. 12. Given the parallel sides of a tcapezotdss 33 and 88 in- 
ches, and its breadth := 11 inches: required the area^ Jmm* 
335} inches. 

13. Parallel sides = 75 and 33 feet, breadth = .20. Antw. Area, 
1080 fecir, or 120 yards. 

RuleV. Tojlndthe area of a trapezium: Multiply ^ther" 
of the diagonals by the sum of the perpendiculaqs drami to 
it from the opposite angles, and take half the product. Or, 

Find, by rule II. or III., the areas of the triangles that 
compose the trapezium, and add them together. 

Exam. 6 Given BD, the diagonal 
of the trapezium ABCD, =r 15 perches jj. 
6 3rards ; and the perpendiculars drawn 
from A and C = 6 perches 5 yards, and 
5 perches 4 yards ; to find the area. 

Here, the sum of the perpendiculars is 12 perches 2 yarda^ or 
86 yards; and the diagonal being 15 perches 6 yards, or 1 1 1 yards, 
wehave 8fiXlll = 9546, the half of which is 4773, the area in 
square yards, which, by division by 49 and 40, is reduced to 2 
roods, 17 perches, and 20 yards. 

Ex. 14. Peipendiculars 8 chsuns 82 links, and 7 chains 7^ Hrlts i 
diagonal 17ch. 561. Ansiu, Area = 14 acres, 2 roods, 5 perrhes. 

15. Given BD = 21 perches, BA= 18 perchts, ADs=9 
jjerches, BC =: 12 perches, and CD zr 15 perches. Answ,' Area 
r= 168-6800a 

Rule VI. To find the area of a poljfgon : {},) Divide it 
by diagonals into triangles and trapeziums t ('2.) Find the 
areas of these by some of the foregoing rules : (3.) Add all 
these areas together. 





nercbe9» and the perpendicu- 
lars to it from A amf X) :^ 27 
and 18 perches respectively; 
^en also AG a: 4(J perches^ . 

and the perpendicular to it ^ 

from Bss^O^ peroheaf to 
findthearea, Jm. ila.0r«5p. 

17. Given ABsj 6 feei^ BC=e3 feet, CDs 4 feet, DE :=? 5 
fieet, AE a; 4 feet^ A)C=: 7 fee*, nn^ KC» 8 feet. Re^w^d the 
area. Jwio. 31*1 23074 fp*v 

P"* v< Vi>* iiie area of a regular polygon h most easily 
fa^^u i/> multiplying tbie square of one of the 6i(}es by 
tbe.uumW st^dmgipppoMte: ta tb^ i^aoie of tb^ pQljgi^n 
in the annexed table. 

Pentagon 1'7204.774. Nonagon ....„ 61818240 

Hexagon •.,».„♦.... 2-5980763 Deeaffon .<.mm*m.«.-o» 7-^04112088 

Hq)tagon ..: 3-6339126 Hehdecagori .'..; 9-S&56411 

Octagon 4-8iH278 Dodeca^n 1M961524 

Ex.18. Side of a Hexagon ::= 5 inches. Answ, Area.^s: 
6i^l905. 

19. Side of an Octagonal inelosure = 60 ya^de. An$m, Ar^ 
s 2a« Or. 34p. SOyds. Irish measure, or 8a. dr. 14p. IQyds 
English measure. 

Rule Yin. The diameter of a eirdt being gken to find the 
circumference: Multiply the diameter by 3*1416, or more 
accuratdy, 3-141595: Or, 

As 118 is to S55, so is tbediameter^o the circumference: 
or, when much accuracy is not necessary, as 7 is to 22, so 
is the diameter to the. circumference. 

Hie diameter would be found from the circumference, 
by reversing any of the foregoing processes. 

Ex. 20. Given the diameter ;= 13 inches. Anm* Cii'cumfer- 
c^Cft^ 40-8407, 

21. If the diameter of a circular cask be 2 feet 9 indies, w-liat 
will be the length of a hoop for it ? Awifr. 8 feet, 7-e725^;rache8. 

22. If the gut of a round tree be 13 feel 5 inches,- :^rt«it is its 
diameter ? Aruuf. 3 feet, 1 1-42817 inches. ... 

Rule IX. To find the area of a circle .• Multiply the di- 
ameter by the circumference, and take one fourth of th? 
ppoduci ; Or, 

Multiply the square of the diameter by -7854, or, for 
greater accuracy, by -785398 : Or, 

Multiply the square of the radius by 3^141593 : Or, 



Multiply the squsre c^ the circumference bjr HQf7958. 
The area of an ellipse is found by multiplying the produpt' 
of the axes by -TSS*, or more accurately, '785398. 

Ex. 23. Required the ^rea of a ciroular pond whoie ditmeter ii^ 
31 yards, Antw, 754*7604 square )rard9, 

24. Required the area of the space ob which a horse may graze,/ 
when confined by a cord 7^ perches m lengtfai having one of its 
ends fixed at a certain point. Amw. 1 a.. Or. 1^*7 p» 

25. Required the content of a circular groVe^ 66*5 perches in 
circumference. Amw, la.2r. 14p. - - 

^26. What is the area of a circular table whose diameter is 5 feet 
Smdbes? Answ, 25 feet 3 If inches, nearly.* 

27. What is the area of an elliptic ceiling, the axes of which are 
33 feet 5 inches, and 20 feet 3 inches? ^litntf. 59 yards, 0. feet, 
67 inches. . , .... 



MENSURATION OF BODIES, OR SOLIDS. 



DEFINITIONS.* 



I. A figure whose ends, or bases, are paraTIel, and its sides 
parallelogramSx is called a prism. Such a figure is t^n^ 
a RIGHT PRISM, if each of its bases be perpendicular to iVk 
other sides ; and it is said to be triangular, urxagomax.^ 
&c. if its bases be triangles, hexagons, &c ; ; 

II. A prism whose bases, as well as its other sides^ are, 
pacallelograms, is called a parall£lbi*iped. . A con^mon 
clte8t,bar of iron, brick, &c. afford instances of ri^^ ^fralhde^ 
plpeds, 

III. A right parallelepiped whose sides are equal squares^ 
is called a cure. Such are dice. 

IV. A PYRAMID is a body bounded \^y plane surfaces^ 
meeting in a point called the vertex of the pyran>rd, and 
by a rectilineal base terminated by those planes. 

V. A CYLINDER is R round body which is of equal thick- 
ness throughout, and wnich has circular bases, parallel to 
each other, such as a rolling stone for walks, around pillar, &c. 

VI. A body which has a circular base, and whi<^ tapers 
uniformly to a point named the vertex, is called a co^e. 
A sugar-loa^ and the tpp of a round pillar arc nearly of 
this form. 

Vlt. A FRUSTUM of anybody is what remains, when thm 
top is taken away. 

VIII. A CI.OBE, or SPHSRE, is a body of sudi a figure 
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tluit all points of the surface are eqm^y dii^ani from a 
poiot within it called the centre. 

IX. If one of the parts into which an ellipse is divided 
by either of the axes, revolve about that axis, the figure 
ndiich it describes is called a spheroid : — prolate, if the 
revolution be performed round the gi'eater axis ; oblate, 
if round the less. An egg is nearly of the former figure ; 
and a watch, or a flat turnip, nearly of the latter. 

X. The CONTENT, or volume, or as it is often improperly 
called, the solidity of a body, is the ^ace contained with- 
in it; The magnitude of tms space is expressed by the 
number of times that it contains a given space called the 
nmtuuring uniU 

XL Tne measuring unit which is adopted for bodies, 
is a cube whosie base is the measuring unit for surfaces, 
such as a cubic inch, a cubic foot, &c. (See the Table of 
Cubic Measure^ page 40.) 

Rule I, To find tlie content of a prism or cylinder : (1.) 
Find the area of the bas^ : (2.) Multiply this by the per- 
pendicular height, or distance between the ends. 

Hence, to find the content of a right paraUeHepipedf take 
the continual product of the length, breadth, ana thickness, 
or depth : and, to find the content of a vube, find the thiid 
power of one of the sides of its base. 

£lxam. 1. Required the cooteut of a box of doth, the length, 
breadth, and depth of which are 4 feet 10 inches ; 2 feet 1 1 inches; 
and 2 feet 2 inches, respectively. 

Here, by the method of duodecimals, we multiply 4 feet 10 
inches by 2 feet 11 inches: the Feet In. 

product, 14 feet, 1 twelfth, and 4 10 

2 inches^ is the area of the base. 2 11 

We then multiply in a similar 
manner by 2 feet 2 inches, the 
depth, setting each product in 
multiplyii^ l^ the inches, one 
place towards the right hand. 
The final product or content of 
the box, is 30 cubic feet, 6 
twelfUis of a foot, 6 one-lmn- 
dred«4U[id-fbrty-fourths of a foot, 
and 4 inches, or S0| feet, nearly. 
In measures of capacity, since 30 tf &* 4^, 

the cubic foot contains 1728 cubic inches, the twelfths of a foot 
are eadi 144 cubic inches, and the hundred-and-forty-fourths are 
each 12 inches. Hence the foregoing answer is easily reduced to 
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30 foot and MO liicihec» The same result vtoM be obtmoed by 
reducing the dimensions to inches, finding their coiitinual jJToduet, 
and dividing it by 1738 ; of by reducing the inches to decwws*, 
and proceeding in a similar manner. The resulu ia such catea m 
the present, are often improperly called feet^ inches, parts, and, 
seconds. 

Ex. U Required the number of gallons of water;vof 217*&cirf>^f 
mches each, contained in a rectangular cistern, the length, br^th, 
and depth of which are l& feet, 10 feet 6 inches, apd 8*fe«t 4 
inches. Amw. 11117-6^47. 

2. F each side of the base of a triangular prism be 2 inches, and 
its length 14 inches, what is its content ? Answ. 24*2487 inches. 

3. Bequured the nnmbet^ of cubic feet contained in a rbont 
whose length, breadth, and height are 24 feet, 18 feet £ kiches, 
and 10 feet 7 Inches* /iwwr. 469^* - 

4. Given the diameter of the baae of a cyttndrtq cohipmiac ^ 
feet 1 inch, and its height ;= 18 feet;9iacbea; raquired iU contfcnU 
Answ. 140-0016 feet. 

5. Required the content of a bale, the len^h, breadth, and 
thickness of which are, 4 feet S mches, 3 feet S inches, and 2 fe« 
6 hh^ies. Ann94 37 feet, 1 1 twetftho^ 

6. Given the length, breadth, and thiekaess of a uniform pBxsk 
equal U^ 22 feet 7 tachdi, 1 foot 5 inches; and 6^ inches, respec- 
tively. Required the content. Amut. 17-^2967 ieet» 

RULB If. To find the contait qfa pyramid or cone : Mul- 
tiply the area of the base by the perpendicular height, and 
take €Hje third of the product. 

Ex. 7. Given each side of the base of a square pyramid =: 10 
inches, and the perpeftdjcular height, or altitude = 9 feet 9 inches : 
required the content. Aagw. 2f, 3^ 1". 

8. Given the diameter of the bfise of a conical glass-boueesz 
37 feet 8 inches, and th^ altitude ^ 79 feet 9 inches* Re<fuired 
the entire space enclosed. Answ, ^9622 feet, nearly. 

9. The height of the largest of. the Egypljan pyramids ia 477 
feet, and each side of ita base, which is a square, is 720 feet. Re- 
quired the content, Answ. 82425600 cubip feet, or 3052^00 
cubic yards. 

10. Given the altitude of a conical sugar-loaf 5= 17 inches, and 
the diaiheter of its base ^ 9 inchei^ Required the coDtei;it. Afum, 
360-4986 inches. , 

1 1. How oftea may a ponical glassed inches de^ and If Imdies 
in diameter at the m^QUth,. be filled, out pf aa Irish liquid gaUoQ? 
Answ. 90 J times nearly.. • 

Rule III. To find the content of a friutum of a pj^amid, 
made by a plane parallel to its base: (D To t»he product of two 
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oonresponding sides of the greater and less ends, add one 
third of the square of their difference ; the suno will be the 
square of a side of the mean base : (2.) From this find t)ie 
area of the mean base by some of the rules already given 
for the measurement of plane surfaces : (3.) Multiply the 
result by the height. 

To find the content of a lihe^u^m of a cone : (1.) To 
the product of the diameters of the two ends add one third 
of the square of their difference ; the sum will be the square 
of a mean diameter : (2.) Multiply this square by *7B54> 
and the product by the height. 

Exam. 2. Given the sides of the greater and less bases of a 
regular octagonal pyramid =: 19 and 10 inches respectively, and 
the length 5 feet 6 inches : required the content* 

Her^ 10—10 =: 9, and 19X 10+9»-4-3 = 21 7, the square of a 
side of the meaabase, which being muldpiied by 4*828427^, the 
tabular number (se^ page 271) we find for the area of the mean 
base 1047*7687024: and the product of this bs 5*5, the \&ngihy 
is 5762*7278632 : and dividing this by 144» we obtain 40*0 1894349 
feet, the content required. 

£x. 12. If the length of a firustum of a square pyramid be 18 
feet 8 inches, the side of its greater base 27 inches, and that of its 
less 16 inches, what is the content? Atuw. 61*228395 cuIhc ieet. 

13. Required the content of an ale glass in form of the frustum 
of a cone, the diameter at the mouth beiag 2| inches, that of 
the bottom 1 inch, and the depth 5 inches. Amw, 12*76276 
cubic inches. 

Rule IV. To find the coTitent of a ghbe: Multiply the 
cube of the diameter by "5236* 

To find the content of a spheroid : Multiply the fixed axis 
by the squiure of the revolving axis, and the product by 

Ex. 14. Required the contents of three globes, whose diameters 
are 12, 15, and 21 inches respectively. Amw. 904*7808, 1767*15, 
and 4849*0596 cubic inches respectively. 

15. Reauired the content of a balloon in form of a prolate 
spheroid, having its longest diameter 48 feet, and its shortest 38 
feet. Amw. 36291*7632 cubic feet. 

RtTLB V. To find the area of the mrfhce of a body bounded 
bj/ plane surfaces : Find the areas of those surfaces separately, 
ana add them together. 

T^find the area of the curve surface of a right cone .* Mul- 
liply Uie circumference of the base by the slant height, and 
take half the product. 
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To find the area of tht^tvixface of a^f^^t MultipJ^ |^. 
•quare of the diameter by 3-14*16. 

Ex. 16. Required the areH of the sur^atteof a eqttaf« pynn^ 
eeek side of the base' of which ii 2 feet 8 iiiGhe% and its^«lnef < 
hdght, measuced from the vertex to the middle'Of-aji^ side of tHoi 
base, 3 feet 9 inches. Antw, 27 feet, t twelfth, and 4 inches* . 
' 17. Reauired' the area of tiia entire sur&ee of a r^t cone^ ^e 
slant height of which is 4 feet 7 inches and the diaoieter of Vt». 
base 2 feet 1 1 inches. Antw. 27'6'3'9896 square feet. 

Dd. If the «uth were a sphere 7912 miles hi diameter, what 
wtwld be- its stiperllciid content ? Antw. 196,663,355*7504 sqcbire 
miles. 

19. Required the superficial eontents of the three globes^ mo- 
tioned in exercise 14. Antw. 452:39i>4b 700-86| and I385'445#. 
square inches respectively. 

RulbVL To find ^eonievii^rtmttdiir squared' tmbtir I 
(1.) Take the ght of fbe tree at themiddte, and xH^dde i(^ 
by ^ (which may be done b^^ halting the line u»ed itt uMkitg 
me girt, at^d then halving the half thiisr t>btained^: W.f 
Multiply the square of the quarter girt thnsrfbund^ bj ^e 
lez^h. . 

JyT the breadth and depth (^ squared timhfT d§^ consider^^ 
0%, measure tbenix^ ai^d i^ultiply tfaeo- prpduct hy ^ 
loiigth. . ^ 

£r the tree do not taper «Rj/erm^>'ineasure the gi]:ta jEt tlM* 
ralddle and ends, or at othev equal distance; add the re- 
suits together, and divide the sum by the number of girts 
taken ; use the quotient as a mean gpirt^ and proroedr^ bewe. 

If ereat accuracy were required, timber which tapers iiniftmiily,' 
■houldibe measared oA the frustum of a pycamid or cone ; but when it 
Upera slowly, as is generally the case^ ai^ dim^asi^a taken a| tin 
middle may be used as a mean without much error, llie measur^^ttttt 
of round timber, however, by taking, according to the foregmiig'fl^ 
widcfa is uoivcr^ly adopted in practiee« the quarter giH Si tN wi'of 
a square to a mean section of tlie tree, is very erroneous, g^vifsg ^^ 
content far too small. If it should be wished to cunrreck Mu remit Um^ 
foundr U mt^ be done by adding to it (me fourth ofUulfj (md'totbjsifum^me 
fiot for every 54 contained in it* Another method of approxjanating tjie 
true content is, to multiply the square of one J^h of the girt by twice. tk€ 
length i or, which is perhaps easier, to mulfqdy tfie square of the girt by 
oa, wtd the prodttet by the tengfh* By both these methods the r«4dt is 
rather too great,, and requires to be diminished by one foot ^n 190. 

Ex.20. Given the mean girt of a square piece of timber ar 6 
{bet 8 inches, and its length ss 44 feet 4 inches : required^ coiw 
teat. Anew. 123*l'4d' cubic feet. 

21. Heauired the content of a 
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is^feet^mi^esvaaclitsmeaiigirtdfeet lOixidies. Amw,-e9^l9 
. cubic feet I or, more correctly, 87*9 feet. 

22. Giv»en the length of a piece of s<|uared dmber = 31 feet 4 
inches, and its bceadth^aad depth at tbe^uiddle = 2 £eet 7 inches, 
and one 1 foot 9 iadies respectively. Required its content. Answ, 
Ul-6d cubic feet 

23. Given tlie gkts of a round tree at the ends, and at two in- 
termediate pointeequally distant from them and from each other, 
equal to 10 feet « inches, 5 feet 6 inches, 8 feet 8 inches, and 7 
feet respectively, and the length 21 feet 5 inches. Required the 
content. Aruw. 88-89 cubic feet; or, more correctly, 106'8 feet. 

Rule VII. To Jindihe content qfafiommon cask in gallons: 
(1 ) To the square of the bead diameter add double the 
square of the bung diameter, and ixtom the sum take four- 
tenths ^ the square of the difference of those diameters : 
(2.) Multiply the remainder by the kngthi (3.) Then mul- 
ti|^ the result by •0012, to find Irish l^uid gallons ; by 
•OOll-f, to find Englidi wme gallons ; or by '00094, to find 
English ale gallons. 

Thfi result thus found in Iri^ sallons m^ be^corrected by 
adding ta it a four-bondredth or itself. 

Ex. 24<. If the bead £ameter of a cask be 25 inches^ the bung 
dhiraeter Si inches, and the length 43 inches, how many gallons 
does it contain ? Antw. 150| uish, 141^ wine gallons, or 115^ 
ale gallons. 



Ex. 25. Given the Iep|th of a rectan^l^ fi^ s 15 perches : 
required its breadth so that it mav containan acre. AimiK iOf perches. 

26. If a horse be bound in the middle of a field by a cord, one 
end of which is fixed at a certain point ; what must be the length 
of the cord, that the horse may be allowed to graze on exactly an 
acre? ^nmr. 7*1365 perches. 

27. Given the height of a stone column in form of a frustum of 
& cones 28 feet 6 inches, and the diameters of its ends 3 feet, and 
2 feet 3 inches, re^ectively. Required its wuight, a cubic foot of 
the stone weighing 2568 ounces, avwdupois. Antw. 11 tons, 2 
cwt.2qrs. 3lbs. 

28. Required the diameter of a circle whose area is a square 
foot, Amw, 13-54054 inches. 

29. Required the diameter of a globe whose ccmtent is a cubic 
foot. Aruw. 14*8884 inches. 

30. Given the diameter of the base of a cone S7 50 inches, and 
its content =s 50 cubic feet : required its height. Answ. 1 1 feet 
nejirly^ 
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1-060,000 
M23,600 
l-ldl,Ul« 
1-262,477 
1-338,226 
1-418,519 
1-503,030 
1-593,846 
1 •689,479 
1-790,848 
1-898,299 
2-012,196 
2-132,928 
2-260,904 
2-896,558 
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2-692,773 
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3-025,600. 
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4-048,935 
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6-453,386 
6-840,590 
7-251,025 
7-686,087 
8-147,252 
8-636,087 
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9-703,507 
10-285,718 
10-902,861 
11-557,033 
12-250,4^ 
12-935,482 
13-764,611 
14-590,487 
15-465,917 
16-393,872 
17-377,504 
18-420,154 
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1-000,000 
2-030,000 
3-090,900 
4-183,e27 
5-309,135 
6-468,409 
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8-892,386 
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15-617,790 
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23-414^435 
25116,868- 
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57-730,176 
60-4624)81 
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69-159,449 
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112-796,867 



4 per ceutT 



1000,000 

2*040,000 

3-121,600 

4-24«,464 

5-4]6,322« 

6-682,975 

7-898,294 

9*214,226 

10-582,796 

12-006,107 

13-486,351 

15-025,606 

16-620,837 

18-291,911 

20-023,587 

21-824,531 

23-697,512 
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31-969,201 

34-247,969 

36-617,888 

39*082,604 

41*645,908 

44-311,744 

47*084,214 

49-967,582 

52-966,286 

56-084,937 

59-328,335 

62-701,468 

66-209,527. 

69-867,906 

73-652,224 

77*598,313 

81-702,246 

85*970,336 

90-409,149 

95*025,515 

99-826,536 

104*819,597 

110-012,381 

115-412,876 

121-029,392 J 

126-870,567 

132*945,390 

139-263,206 

145-833,734 

152-667,083 



1*000,000 
2-050,000 
3-152,500 
4-310,125 
5-525,631 
6-801,912 
8*142,008 
9-549,108 
11-026,564 
12*577,892 
14-206,787 
15*917,126 
17-712,982 
19-598,631 
21'578,563 
23-657,491 
25-840,866 
28-132,384 
30-539,003 
33065,954 
^-719,251 
«8-505,«14 
41-430,475 
44*501,998 
47-727,099 
51-113,453 
54-669,126 
58-402,582 
62-32-2,711 
66-438,847 
70*760,789 
75*298,829 
80-063,770 
85*066,959 
90-320^7 
95-836,322 
101-628,138 
l07-700„545 
114-095,023 
120-799,774 
127-839,762 
135*231,751 
1+2-993,338 
16II43,0«>5 
159-7C»0,l55 
168-685,163 
!';»• 11 9,421 
188-025,39« 



1-000,000 

2-060,000 

3-183,600 

4-374,616 

5-637,092 

6-975,318 

8-393,837 

9-897,467 

11*491,315 

13-180,794 

14-971,642 

16-869,941 

18-882,137 

21-015,065 

23-275,969 

25-672,528 

28-212,879 

30-905,652 

33*759,991 

36-785,591 

39*992,726 

43-392,290 

4^-995,827 

50-8r5,577 

54-864,512 

59-156,382 

63*705,765 

68-528,111 

73-639,798 

79-058,186 

84*801,677 

90-889,778 

97-343,164 

104-183,754 

111-434,779 

119-120,866 

127-268,118 

135-904,205 

145-058,458 

154-761,965 

165-047,683 

175-950,544 

187-507,577 

199-758,031 

e 12-743,5^3 

226-508,124 

til098,6l2 

256-564,528 



198-426,662 ) 272-958,400 
809-347,995 j |>90-385,9< 



TABLE 


111. 8HOW1NO T^K PBB8ENT Vfit^ifE OF AN ANNUITY OF iCl. 


/«. ■ 


9 per erat. 


4 ^t omi. 


Jperertrt \ 


6per<«i£^ 


1 


•970874 


•961538 


•952881 


•943S06 


2 


1-913470 


1-886194 


1-859410 


1*833392 


3 


2*828612 


2*775190 


2-723248 


2-673011 


4 


3-717099 


8-629994 


3*545950 


3*465105 


5 


' 4-579708 


4-451821 


4*329476 


4-212363 


6 


6-417192 


6-242136 


5-075691 


1*917324 


7 


6-230284 


6-002054 


5*786372 


5-582381 


8 


7-019693 


6-732744 


6-463211 


6*209793 


9 


7-786110 


7-435331 


7107820 


6*801691 


10 


8-530204 


8110895 


7-721733 


7-360086 


11 


9-252625 


8-760576 


8-306412 


7-886^74 


12 


9*954005 


9-385073 


8*863249 


8*383843 


13 


0*634956 


9*985647 


9*393570 


8-852682 


U 


11-296074 


10*563122 


9*898638 


9*294983 


15 


11-937936 


11-118487 


10*379655 


9-712248 


16 


12-561103 


11*652395 


10-837767 


10*105894 


17 


13-166119 


12*165668 


11*274064 


10*477258 


18 


13-753514 


12*659396 


11*689585 


10 827602 


19 


14*323800 


13*133938 


12*085319 


11*158115 


20 


14-877476 


13*590325 


12*462208 


11-469920 


21 


15-415025 


14*029159 


12*821150 


11-764075 


22 


15*936918 


14*451114 


13*163000 


12-041580 


23 


16-443610 


14-856840 


13*488571 


12-303377 


24 


16*935544 


15-246961 


13-798639 


12*550356 


25 


17-413150 


15-622078 


14-093942 


12*783355 


26 


17-876845 


15-982767 


14*375183 


13003165 


27 


18-327034 


16-329584 


14-643031 


13-210533 


28 


18-764111 


16*663061 


14*898125 


13*406163 


.29 


19-188457 


16-983712 


15*141071 


13*590720 


30 


19-600444 


17-292031 


15-372448 


13*764836 


81 


20-000431 


17*588491 


15*592807 


13-929085 


32 


20-388768 


17*873549 


15-802673 


14*064042 


33 


20*765794 


18*147643 


16*002546 


14-230228 


U 


21-131839 


18*411195 


16-192901 


14*368140 


35 


21*487222 


18*664610 


16*374191 


14-498245 


36 


21*832254 


18-908279 


16*546848 


14-620986 


37 


22*167237 


19-142576 


16*711284 


14*736779 


38 


22*492463 


19-367861 


16*867889 


14-846018 


39 


22*808217 


19-584482 


17*017037 


14*949074 


40 


23*114774 


19-792771 


17*159083 


15046296 


41 


23*412402 


19-99304^ 


17-294365 


15*138015 


42 


23*701361 


20-185624 


17*423205 


15*224542 


43 


23-981904 


20*370792 


17-545909 


.15*306172 


44 


24-254276 


20*548838 


17-662770 


15-383161 


45 


24-518715 


20-720036 


17-774067 


15*455831 


46 


24-775452 


20*884650 


17-880064 


15*524369 


47 


25-024711 


21*042933 


17-981013 


15*589027 


48 


. 85*266710 1 


21-196128 


I 18*077155 


15*650025 


49 


25-501660 1 


21-341469 


^ 18*168719 


15*707571 


50 J 


25*729767 , 


21-4821P? 


18*255923 


15*761859 



TABLE IV. SHOWING THE VALUE OF AN ANNUrrY ON A SINGLE LIFE. 



Aget. 


4 per cent. 


Sfncmt, 


6 per cent. 


Age*. 


4 per cent. 


5peroeoL 


6 per cent 


1 


13-465 


U-563 


10-107 


49 


11-475 


10-443 


9-563 


2 


15-633 


13-420 


11-724 


50 


11-264 


10-269 


9-417 


3 


16-462 


14-135 


12-34S 


51 


11-057 


10097 


9-273 


4 


17-010 


14'613 


12-769 


52 


10-849 


9-925 


9-129 


5 


17-248 


14-827 


12-962 


53 


10-637 


9-748 


S-980 


6 


17-482 


15-041 


13-156 


54 


10-421 


9-567 


8-827 


7 


17-611 


15-166 


13-275 


55 


10-201 


9-382 


8-670 


8 


17-662 


15-226 


13-337 


56 


9-977 


9-193 


8-509 


9 


17-625 


15-210 


13-335 


57 


9-749 


8-999 


8-343 


10 


17-523 


15- 139 


13-285 


58 


9-516 


8-801 


8- 173 


11 


17-393 


15-043 


13-212 


59 


9-280 


8-599 


7-999 


12 


17-251 


14-937 


13-130 


60 


9-039 


8-392 


7-820 


13 


17-103 


14-826 


13-044 


61 


8-795 


8-181 


7-637 


14 


16-950 


14-710 


12-953 


62 


8-547 


7-966 


7-449 


15 


16-791 


14-588 


12-857 


63 


8-291 


7-742 


7t253 


16 


16-625 


14-460 


12-755 


64 


8-030 


7-514 


7-052 


17 


16-462 


14-334 


12-655 


66 


7-761 


7-276 


6-841 


18 


16-309 


14-217 


12-562 


66 


7-488 


7-034 


6-625 


19 


16-167 


14-108 


12-477 


67 


7-211 


6-787 


6-405 


20 


16-033 


14-007 


12-398 


68 


6-930 


6-536 


6179 


21 


15-9J2 


13-917 


12-329 


69 


6-647 


6-281 


5-^i9 


22 


15-797 


13-833 


lS-265 


70 


6-361 


6-023 


5-716 


23 


15-680 


13-746 


12-200 


71 


6-075 


5-764 


5-479 


U 


15-560 


13-658 


12-132 


72 


5-790 


5-504 


5-241 


25 


15-438 


13-567 


12-063 


73 


5-507 


5-245 


,5-004 


26 


15-312 


13-473 


11-992 


74 


5-230 


4-990 


4-769 


27 


15-184 


13-377 


U-917 


75 


4-962 


4-744 


4-542 


28 


15-053 


13-278 


11-841 


76 


4-710 


4-511 


4-326 


29 


14-918 


13-177 


11-763 


77 


4-457 


4-277 


4-l0» 


30 


14-781 


13072 


11-682 


78 


4-197 


4-035 


3*884 


31 


14-639 


12-965 


11-598 


79 


3-921 


3-776 


3-641 


32 


14*495 


12-854 


11-512 


80 


3-643 


3-515 


3-394 


S3r 


14-347 


12-740 


1 1-423 


81 


3-377 


3-263 


3-156 


34 


14-195 


12-623 


11-331 


82 


3-122 


3020 


2-926 


35 


14-039 


12-502 


11-236 
11-137 


83 


2-887 


2-797 


2-713 


36 


13-880 


12-377 


84^ 


2-708 


2-627 


2-551 


37 


13-716 


12-249 


11-035 


85 


2-543 


2-471 


2*402 


38 


13-548 


12-116 


10-929 


86 


2-393 


2-328 


2-266 


39 


13-375 


11-979 


10-819 


87 


2-251 


2-193 


2-138 


40 


13197 


11-837 


10-705 


88 


2-131 


2-080 


2*031 


41 


13-018 


11-695 


10-589 


89 


1-967 


1-924 


1-888 


42 


12-838 


11-551 


10-473 


90 


1-758 


1-723 


l'CS9 


43 


12-657 


11-407 


10-356 


91 


1-474 


1-447 


i-4t2 


44 


12-472 


11-256 


10-235 


02 


1-171 


1-153 


1-136 


45 


1 2-283 


11-105 


10-110 


93 


0-827 


0-816 


0-B06 


46 


1SH)89 


10-947 


9-980 


94 


0-530 


0-524 


0-518 


47 


11-690 


10-784 


9-846 


95 


0-240 


0-23S 


o^^sa 


48 


11-685 


10-616 


9-707 


96 


0-000 


0-ouo 


0-000 



TABLE ▼. SHOWING THE PBESENT VALUE OF AN ANKUITY OW £i, 
AAjM^ ON THE JOINT CONTINUANCE OF TWO LIVES. 



AB«fc 


4perciK. 


5perGot.6pevoit 


J 


igen 


4pero»t 


ppvcnc 


CporcBt. 


"■'"■" 


5 


13*591 


11-984 


10^91 


""so 


11*313 


10455 


9«eo 




10, 


\S-9ii8 


12-315 


11*010 




35 


10^46 


»954 


9*112 


> 


15 


13479 


1I9M 


10716 




40 


10-490 


9-576 


87SI5 




12!I93 


11-561 


10^1 




45 


9-959 


0-135 


8484 




85 

30 


12633 


11-281 


10-170 




50 


9-381 


8*596 


7-9IJ& 




12220 


10-959 


9-913 30 


55 


8-619 


2:^ 


7es 




35 


11739 


10-572 


9*608 


60 


T802 


7-292 


l^ 


j 


40 
45 


11150 


10102 


9219 


65 


6-844 


6447 




10500 


9571 


8778 


70 


5729 


5448 


5-180 




50 


9*748 


8-941 


8-248 


75 


4-557 


4«5 


418S 




55 


8-931 


8-856 


7-665 


80 


8*406 


»890 


3181 




00 


8011 


7-466 


6D82 - 


_ 




■ III - 


■■'"■1 




fi5 


6-963 


6-546 i 6171 i 


33 


10-612 


9680 


8-88S 




70 


6768 


5^472 5-209 


40 


10-196 


9-331 


!'S 




75 


4^>57 


4-362 1 4>181 


45 


9-706 


8-921 


8-90 










50 


9-no 


8415 


7-800 


■" 


10 


14'277 


U«5 11*345 35 


55 


8-448 


7-8*9 


7-3^ 






13-641 


12-309 • 11-048 1 


60 


7*669 


7*174 


6-79B 




13-355 


11*906 ; 10719 




65 


6-747 


6-360 


6«K> 




12-996 


11-627 1(>407 




70 


5663 


5*882 


5115 




% 


12-586 


11-304 10-239 




75 


4-516 


l^S 


4M8 




3h 


12-098 


10-916: 9M5 




80 


5383 


3268 


31«> 




40 


11-513 


10442 1 2*537 


— 


_ 


1 1 1 1 




mimm 


» 


45 

50 


10-851 
10-065 


9^00 
9-260 


9088 
»548 




40 
45 


9-820 
9^381 


9016 
8643 


m 




55 


9-256 


8560 


7*951 




50 


8'834 


?^ 


am 




60 


8-314 


7-750 


7*250 


40 


55 


8 221 


7-l« 




65 


7-236 


6-803 


6*414 




00 


7490 


7-615 


65tJO 




. 70 


6-008 


5-700 1 5418 




65 


6614 


6240 


5901 




75 


4-725 


4522 4-350 




70 


5-571 


5-296 


5047 




so 


3-517 


3-395 1 »281 




75 


4-457 


4272 


4UH 










80 


3-349 


3236 


3130 


] 15 


13-411 


11-960 


10-767 


— 








' 20 


12-961 


11-585 


10453 




46 


»990 


8*312 


IM 


, £5 


12-630 


11-324 


10944 




SO 


8-503 


l'3i} 


7-S5S 


. ^ 


12-&I6 


11-021 


lODOl 


45 


55 


7-94B 


7411 


6-985 
6418 


95 


11787 


10-655 


ir70S 




60 


T274 


6-8S8 


i 40 


11-234 


10<905 


9338 




65 


&453 


6-094 


576» 


t§ 45 


10-607 


9-690 


8-905 




70 


5*460 


5195 


4955 




50 


9-872 


9-076 


8*386 




75 


4-386 


4206 


4t)40 




55 


OiJ77 


8*403 


7-812 




80 


»306 


3191 


8093 




60 


8170 


7'692 


7*135 


■"" 


•» 


..i_ 


1 






65 


7127 


6705 


6-325 




50 


»081 


7582 


70SO 




M 


5-9S3 


5*631 


5«55 




55 


7*593 


7096 


665» 




4-695 


4-495 


4-310 




&) 


6989 


6568 


tiS? 




80 


3-402 


3-372 


3-259 


50 


66 


6*236 


5897 


ffsm 


_^ 












70 


5^.)6 


5054 


48!2i 




20 


12-535 


11-232 


10-156 




75 


4^205 


4-112 


1^ 




S5 


12229 


109S9 


91N» 


^ 


80 


8-247 


3140 


^ 


ao 


11-873 


10707 


9788 




— 






R-.136 
5*984 
5384 

IS 

2-97» 




35 


11-445 


loses 


9*451 




55 


fl79 


67S5 




40 


10-924 


9-937 


9-100 




60 


6^9 


6t!7i; 




45 


■10-330 


9-448 


8*698 


55 


(15 


5*966 


bS7l 


fO 


50 


9630 


8-861 


8-195 




70 


5-138 


4mB 




55 


8-869 


9216 


7-643 




75 


4-171 


i^m 




60 


7-895 


7-463 


&S90 


^^ 


80 


3-180 


S^Q 




65 


6^66 


6-576 


6-205 




60 




5-^88 




70 


5-826 


55J2 


5^262 




65 


ff^SS 


S-372 


fi^ltt 




75 


4«19 


4424 


4*242 


60 


70 


4-900 


4-GSO 


4438 




80 


3-443 


3*325 


3^14 




75 

ao 




3866 
2-992 


i^ 








25 
SO 
35 
40 
45 


11-944 
11-618 
11-217 
10-725 
10*160 


10'764 
10499 
10-175 
9771 

9-304 


9-561 
9-296 
8960 
8-569 


65 


65 
70 

IS 


4-573 
3806 
2-965 


T960 
4378 
8-665 
2-873 


4^ 

4190 

. 3433 

9-78« 




50 


9'4as 


8739 


8-089 




TO 


¥m 


S-9SD 


^m 


s$ 


55 


8-754 


8116 


7*555 


70 


75 


3471 


8-347 


i% 




60 


7'9(»6 


7383 


6919 


80 


2-757 


2-675 




65 

70 
75 
80 


&920 
5-780 
47^89 
3-425 


6*515 
5-4«9 
4-396 


6*151 
5-223 
4-216 
3-198 1 


75 

80 


75 
80 

80 


50f5 
2448 


2 381 
fiHilA 


• 1^ 
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ANSWERS TO EXERCISES. 

NUMERATION. 
£x. 1. TincNTTPOUR. 2. One hundred and forty iour. 3. Three 
hmidred and sixtT fire. 4. One thousand, b* OnQ thousand, 
seren hiindreci, and twenty e%ht. 6. Two thousand, two hun<ired, 
and forty. 7. Nine thousand, seven hundred, and ninety. 8. 
Thirty seven thousand, and forty eight. 9. Thirty thousand and 
nine. 10. Four miiiions, fifty five thousand, and seventy. 11. 
Three hundred thousand, four hundred and five. 12. Seventy 
nine niiUioos^ five hundred and three thousand, and forty six. 13.* 
Eight billions, live millions, six hundred thousand, four hundred, 
and eighty. 14. Five huncked and fifty seven millions, two hun- 
dred and ninety thousand. 15. Six hundred and eighty millions, 
and forty two. 1 6. Ninety three millions, ninety thousand, and ninety 
three. 17. One hundred and thirteen thousand, three hundred, 
and fifty five. 18. Seven hundred and dghty five thousand, three 
hundreo, and ninety eight. 19, Seven millions, thirty thousand, 
four hundred, and sixty two. 20. Twenty four millions, nine 
hundred and two thousand, four hundred, and ninety. 21.* Nine 
billions, three millions, eifht thousand, and five. 22. Forty mil- 
lions, six hundred and fifty seven thousand, tiK^o hundred. 23.* 
One hundred billions, and one thousand. 24.* Sixty trillions, 
six hundred and six billions, sixty millions, seven hundrea 
thousand, seven hundred, and seven. 25.* One hunjlred and 
two trillions, thirty billions, four hundred and five millions, sixty 
thousand, seven hundred and eight. 26*. Nine hundred wad one 
trillions, one billion, one hundred and one millions, two hundred 
and one thousand, three hundred and one. 27.* Two hundred 




«xtjr 1 
dred and ninety two thousand, six hundred and forty five. 

Aeeordimg to thecammom Notatkm : 
« Ex. 13. ESglit Uiouiand and five miUions, fix hundred dtoiisand, four bundUM and 
eighty. 81. Nine thousand and three miUionit, eiglit thotuand and five. 329. One hun- 
dred tbouiand mUUona, onethoujand. 94. Sixty biltioni. ux hundred and six thousand, 
and sixty millions, serett hundred thousand^ seven hundied and soroa. £5. One hun. 
dred and two bi Ilions, thirty thousand, four hundred and five millions, sixty thousand 
tevcn hundred and eighu 96l Nine hundred and one hilllons, one thousand one hun- 
dred and one miinons, two bumireJ and one thousand, three hundred and one. 27. Two 
hundred thousand and thirty millions, forty thousand, five hundred and thirty eight. 
28. Seventy three thousand eight hundred and twenty bilHons, seven hundred and sixty 
(houand and five millions, one hundred and ninety two thousand six hundred and forty 
five. 99. Ten thousand and one billions, ten millions, one hundred. SO. Forty thousand 
and fifty MlUons, sixty thousand seven hundred millions, eight hundrei? and nine thou: 
sand. 31 Seven quadrilhons, nine hundred and forty six thousand two hundred aiid 
eighty nine trUUons, six thousand four hundred billions, three hundred thousand omi 
fans seven ndlUons, two hundred and ^ty four th ousand, seven hundred and ninety one. 



?^ 



282 ANSWERS TO EXERCI8E& 

Ten quadrillions, one trillion, ten millions^ one hundred. 30.* 
Forty quadrillions, fifty trillions, sixty billions, seven hundred laiJ. 
liooB, eight hundred and nine thousand. 31.* Seven sepdUiofBs, 
nine hundred and forty six sextillions, two hundred and &Atr • 
nine quindllions, six quadrillions, four hundred trillions, thMe 
hundred billions, forty seven millions, two hundred and sixty fom 
thousand, seven hundred and ninety one. 





NOTATION. 


r.r. -52 


Ex.9. 5070 


Ex.17. 1010200000* 


2. 313 


10. 4504 


18. 1100200000000* 


3. 504 


11. 20084 


19. 1050000 


4. 1024 


12. 650090 


20. 1000200000* 


5. 2048 


13. 7007010 


2L 1000000700000* 


6. 1815 


, 14. 04000300 


22. 1000000019000000* 


7. 7854 


15. 11002000 


23. 70000010088* 


8. 3008 


16. 110020000 


24. 900068000020* 



25. 37000000, 69000000, 95000000, 145000000 

41494000000, 907000000, 1810000000. 

A SIMPLE ADDITIDN. 



/;t 



Ex.1. 21555 £x.l3. 10871894825 

2. 206343 14. 145322080 

3. 1508939 15. 207305 

4. 1383458 16. In 1727. 
^21225092 17. In 1399. 
^■904388 18. 1527560, 33228i 
f 121888988 352853, 937000 

27457989 19. 136,570,103 

86171735 20. 3371 

10. 20967445 21. 36633 miles. 

11. 463140294 22. 1,451,678 

12. 445684135 23. 11,261^7 

^ Acrei FognMim 

Ex. J|r Ulster 3,201,200 ., 2,001,966 

^ Leinster 2,792,550 • 1,785,702 

Munstcr .^^... 3,377,150 ^ 2,005,363 

Oonnaught..... 2,630,300 .*.« 1,053,918 



' V 



/'; 



^ M 2745 
W"" 09. 8617 



Total 12,001,200 , 6,846,949 

Ex. 25. 2,093,456 



JeeonUng to ike c ommo n Noiatiom : 

« Mx. 17. 100001OS<X)000 

18. lOOOlOOOOMOOOOOOOO 

SO. 1000000900000 

Si. 2000000000000700000 

tt. lO00eMQ000g0OOO1900000» 

«." - 
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E>.1. 13031 


2. 15708 


3* 17368 


4. 32131 


5. 590731 


6. 8285367 


7. 3209877 


8. 763544529 


9. 10101001 


10. 333232333 


11. 7468053687 


12. 327504427 


13. 99579930 


14. 89998999 


15. 3995996 



SIMPLE SUBTRACTION. 
Ex.16. 2997000 14816 29. 

17. 991 12250 

18. 299997 22926 

19. 1011924 Ex.26. ^£200060 



1210235 
27. ^£308755 

1092766 
2d. 2282155lb8.* 



20. 861928 

21. 75 

22. 5747 

23. 11895 

24. ^639958 

61848 
208926^ 
3865MIC 
25.1127757 



SIMPLE MULTIPLICATION. 

Ex.L 432 Ex.9. 2074« V 

2. 3180 10. 18160/ 

S. 3645 H. 1615040 

4. 5616 12. 161504000 

5. 11193 13. 573440000 

6. 1000 14. 7068600 

7. i7414 15. 49151^00 

8. 80388 "" 



,1202^1 

833 236 

728 234 

609 233 

571 &24 

533 222 

525 214 

494 210 

413 205 

412 181 



384 
371 
332 
327 
307 
294 



170 
138 
43 
23 
19 
9 



Ex.L 
2. 

a 

4. 

5. 

£ 
Bx.L 3852 

2. 36 

3. 21849 

4. 48 

6. 2431 
^. 3765 

7. 1861 

8. 19011 

9. 1503 



10. 
11. 
\%. 

la 

14. 
15. 



10 

2612 

331 

515 

5211 

3169 



SIMPLE DIVISION. 

156950 Ex.6. 3432416} 

45744 U 7. 82882021 

8531961 8. 4840788i^ 

630341i 9. 4106265,<V 

1023648^ ; . 
COMPOUND ADDITION. 

L £ s. d. . 

} Ex.16. 4281 9} 

U 17. 6219 7 If 

^1 1& 20351 16 8$ 

W 19. 224c Iq. lllbs. 

,f 20. 97lb8. loz. 15drs. 

)? 21. 383 tons. 8 cwt. 

;? 22. 362lbs. 

►I 23. 693cwt.0q.23Ib8. 

i* 24. 616 cwt. 2q. 91b«.. 

;. 25. 65lb8. 

\l 26. 429t.17c2q.20lb.. 

,' 27. 468c 3q. nibs. 

J 28. 517a. Or. 9p. 

J, 29. 1271a. 3r. 4p. 



ANSWERS TO EXERCISES. 



COMPOUND SUBTRACTION. 


£ t. d. 


d. h. mia. sec 


Ex.I. 10 8 6i 


Ex.14. 24 9 50 -30 


2. 451 1 9^ 


15. 60 57* 12» 


3. 103 14 7 


2 39 43 


4. 263 12 7} 


1 50 11 


5. 7 2 4i 


2 36 67 


6- 98 17 3 


3 58 86 


7. 324 8 3J 


16. 35 3 30 


8. 669 6 5i 


17. 22 3 15 




18. 1 15 32 


c. q. lU. 




9. 4 18* 


Days h. nu 


10. 5 1 11 


19. 136 17 33 


11. 25 2 15 


140 13 20 


12. 9t. 14 3 14 


^ 321 17 '22 




3645 H 66 


d.- h. Qiin. s^c. 


.6426 11-24 


13. 3 6 13 46 


19978 16 9 


COMPOUND MULTIPLICATION. 


£ i. d. 


£ t. d. 


Ex.1. 7 9 7 


Ex.7. 23 10 


2. 5 13 2i 


8. 60 


3. 3 15 9 


9. 7 18 6J 


4, 7 11 8 


10. 103 4 4 


6. ?2 15 IJ 


11. 47 15 6 


6 7 19 3 


12. 21 19 



COMPOUND DIVISION. 



£ i. d. Rdm. 
Ex.1. '5 5 lOi 



£ t. d. Hem, 
Ex.9. 15 4 ...2d. 



% 


18 10i...Jd. 


3. 


1 1 5i...}d 


4. 


1 17 10J...4d. 


5. 


1 8 10^... Id. 


6. 


6 7i...ld. 


7. 


9 5|.«.ldL 


a 


13 l|...|d. 









10. 


10 3 


H. 


1 13 5i 


12. 


3 4 


la 


2 10|...id 


J4b 


3 9 


1& 


3 3 



V 



r. 



/,-;'*,■ '/VA Q2437; 



'IWd- 



Km^--^, -.. 



'.H^- 




^ frr%b ^i 
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